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- TOCOTRI ENOLS AND TOCORI ENCL- LI KE COVPOUNDS AND NETHCDSIE&§
THEI R USE " TECHNI CAL FI ELD OF THE | NVENTI ON <oPy
The present invention relates to novel 5 toootrienols and tocatrionol-

i ke conmpounds di spl ayi ng bi ol ogi cal activrity., The tocotrienols and
tocotri ehol - & l'i ke cqrpounds of this invention my be conveniently
obt ai ned from.i ol ogi cal sourcses or by chei cal synt hesi s and may be
used in pharmaceutical* 10 conpositions, foodstuffs and dietary suppl ements.
Thi s invention also relates to the use of tocotrienols, -——.—-
. - _ _
.‘

TOCOTRIENOLS AND TOCOTRIENOL~-LIKE
COMPOUNDS_AND METHODS FOR THEIR USK

ELD OF NVENTIO

The present invent:on relates to'noval
5 tocotriencls and tocotrienol-like cempounds displaying

bioclogical activity. K The tocotrienols and tocotrienol-
like conmpounds of this invention may be conveniently
obtained from biological sources or by chemical
synthesis and may be used in pharmaceutical .

10 compositions, foodstuffs and dietary supplements. This
invention also relates to the use of tocotrienols,
tocotriencl=like compounds, and mixtures thereof, as
hypocholesterolemic, antithrombotic, antioxidizing,
antiathaerogenic, antiinflammatory and immunoregulatory

15 agents, or as agents useful to decrease lipoprotein (a)
concentration in the blood or to increase feed

1-..' conversion efficiency.

BACKGROUND OF THE INVENTION

Plant constituents have been proven useful in
20 the prevention and treatment of a wide variety of
diseases and conditions. For example, barley has been
shown to be particularly effective in lowering lipld
levels in animal models (A.A. Qureshi et al.,
"Suppress;on~0f cholesteroqenasxs By Plant
25 Constituants®, Ligigg, 20, pp- 817-24 (1985)). Mora
specificnlly.'a-tocotrienol, a chromanol isolated from -



tocotrienol -1i ke conpounds, and m xtures thereof, as

hypochol esterel em ¢, antithronbotic, antioxidizing, ant i at her ogeni c,
antiinflamatory and i munoregul atory 15 agents, or as agents useful to
decreass |lipoprotein (a) concentration in the blood or to increase feed
conversion efficiency. " BACKGROUNIR OF THE | NVENTI ON

Pl ant constituents have been proven useful in 20 the prevention and
treatment of a wide variety of di seases and conditions. For exanple,
barl ey has been shown to be particularly effective in lowering lipid

| evel s in animal nodels (A A Qureshi et al., " Suppr essi on of

Chol esterogenesis By Rl ant 25 Constituent ' = Lipids 20, pp. 817-24 (1985)
). More specifically, [err]-tocotrienol, a chromanol isolated from

- 2- barl ey extract has been identified as_a therapeutic .agent for
hyper chol est er ol SHMELEYA extragtehas fean identifiad asse fhegppevkiq, :

I nhibitor O Chol agdret Gor hypRrenyldstariolensal (A Xl louresBar eeydl.,). Biol.
o oot " F RSP g e GReletagh
Biosynthesis Isolated From Barley", 2. Biol, Chem.,

5 261, pp. 10544-50 (1986)). In addition, tocotrienol,
y=tocotrienol and é-tocotrienol have alse been shown to
reduce hypercholesterolemia in mammals (European patent
application 421,419). ,

Hypercholesterolemia invelves high serum
10 cholesterol levels and is a causative agent of dizeases
including arteriosclerocsis, atherosclerosis,
cardiovascular disease and xanthomatosis. In addition,
high serum cholesterol levels are seen in patients '
suffering from diseases including diaketes mellitus,
15 familial hypercholesterclemia, acute intermittent
. prothyria, anorexia nervosa, nephrotic syndrome,
primary cirrhosis and various liver disorders, such as
hepatitis and obstructive jaundice. Improvement of
lipoprotein profiles and a decrease in total serum and
20 low density lipoprotein cholesterol have besen shown to
retard the progression of such diseases, as well as to
induce regression of clinically significant lesions in
hypercholasterolenic patients.
Although the relationship between
25 hypercholesterolemia and its many associated diseases,
most notably cardiovascular disease, has been
extensively studied, no clear answer to this world-
wide problem has yet been found, As a result, coronary
artery dipease remaina the leading cause of death in
30 the United States and other developed countries.
Coronary artery disease is the result of complex
interactions bhetween a large numbar of- different
processes, ineluding lipoprotein metabolisnm,
aggregation of blood platelets, blood coagulation and
3§ fibrinolysis. Accordingly, the cardiovascular risk



reduce hyperchol esterolem a in manmal s ( Eur opean patent application
421, 419). Hyper chol esterol em a i nvol ves high serum 10

chol esterol levels and is a causative agent of di seases i ncl udi ng
arteriosclerosis, atheronelerosis, car di ovascul ar di sease and
xanthomat osis. |In additiqQ, hi gh serum chol estgpl | evels are seen in
patients suffering from di seases including diabetes nellitus, 15

fam lial hyperohol esterol emia, acute intermttent prot hyria, anorexia
nervosa, haphrotic syndrone, primary cirrhosis and various liver

di sorders, such as hepatitis and obstructive jaundice. |nprovenent of
Ilpoproteln profiles and a decrease in totd =serumand 20 |ow density

| i poprotein chol esterol have been shown to retard the progression of
such di seases, as wel]_.as to I nduce req!e33|on of cI|n|caIIy

signi ficant IeS|dHE°#¥ﬂ° of @ givenpatiantis,fdep {@p these
Al t hough the relaintlriuﬂidmatween 25 hypercholesterolen1a and its many

associ at ed di seases, ié%%ﬁ’éa?9%b8¥iﬁ§L%FH1&H€%%%gg1e %Tbeen

extensively studied, no clear answer tm has
yet been found. Ashe qazsiovasgeiamarisk profilerof A d@é-'s‘é"tteﬁ‘al’nﬂ $Pe

| eadi ng cause of seatdtuced3dy déerdin i tﬁbalévemcbﬂ)fdmerdtletomdin
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I nteractions bef\%[btggaééé@r éganﬁgn%ﬁ F?? F%ﬁ‘ﬁé ocesses i ncl udi ng
| i poprotei n et abéhraphoxane Aggﬂmﬁtdﬂhoﬁmsﬂm%lm levele Rf

coagul ation and 3ghrdmtidxane! B3/ Sa stabe Aefabylitd HICEhELAVSRANE I,)r | SK

and platelet factor 4 levels in the serum lessens the
10 risk of cardiovascular disease because of decreased
thrombogenic activity.
Thromboxane A, and platelet factor 4 levels
are also associated with other biological activities.
For example, when reduction of these factors is
15 accompanied by a reduction in macrophage cell count,

. lower tumor necrosis factor (TNF) levels and lower
arachidonic acid levels in bodily tissues, reduced
levels of prostaglandins, leukotrienes and interleukins
are implicated. Reduction of these factors, therefors,

20 leads to a decrease in the inflammation accompanying a

' wida variety of diseases. In addition, since
prostaglandins inhibit glucose~induced insulin release
and increase glucagon secretion, an increased insulin
to glucagon ratic may also result from the reduction in

25 prostaglandins. Such an increase is useful in
improving glucose intolerance in diabetes mellitus and
restoration of acute glucose-induced insulin response
in non-insulin~dependent diabetea mellitus.

It has been noted that there is a low

30 incidence of cardiovascular diseass in peopulations
consuning large amounts of cereal grains. Soluble and
insoluble fibers have, in the past, been viewed as the
agents responsible for cholesterol reduction in such
populations (see D. Kritchevsky et al., "Fiber,

35 Hypercholesterolemia and Atherosclerosis", Lipids, 13,



- 3- profile of a given patient is dependent on these I nteractions.
In addition to |l owering chol esterol |evels, t he cardi ovascul ar ri sk

. profile of a patient may also 5 be reduced by decreasing the | evels of

ot her factors in the serum and the bl ood. For exanple, reduction of

t hronboxane Al err] generation (nmeasured by the |evels of t hr onboxane
B[err], a stable netaboliT® of thronboxane .Alerr]) and pl atel et factor
4 levels in the serumlessens the 10 ri sk of cardi ovascul ar di sease because
of decreased t hronbogenic activity. Thr onboxane Al err]
and platelet factor 4 levels are al so associated wi th other biol ogical
activities. For exanple, when reductiemt of these factors is 15
acconpani ed by a reduction in macrophage call count, | ower tunor
necrosis factor (TNF) |evels and | ower arachidonic acid levels in

bodily tissues, rPRluctef-69 (1878)}. ofRenantdyy theiRypochalestereiesiceng
I nt erl euki ns @f Lot dC eepdal Resiyid BAvel bbb Sett¥idiutied tbherefore, 20

| eads to a decrease_in the inflapmat acc anyi e, ¥ardety of
di seases. In addi??'ﬂffajsﬁ?t?gmengg?%é% gﬁggﬁg |¥ﬁmtrd1eﬂyése-(i?ﬁﬂced

insulin rel ease and @tructursiiy glntlep conpornds orsudin asndosapbareiul in
to glucagon raji ocw) 2l §9cheetthols Uid TRcopRERdLS bddhxr? nakuealey! apdi ns.

Such an increase Is yseful .i | Npravl n ucose, i ntolerance in di abetes
nel litus and FRAl Wﬁgﬁ?‘aﬁg 'ﬁldfcgéifﬁﬂﬁ(? AR, BOHE PR onse

i n non-insulin-demmhient rdcabbras, edln toid and barley (A.A.| Qureshbeen not ed
that there is a | gw 30 “PS“QEEﬁf O dehli gxﬁi +&é¥°rﬁi§pase I n popul ations’
consuni ng large anbunt'd of cereal grains. Sol uble and i nsol ubl e fibers

have, "in the pastBYRfrcholeskeyodenic,dumans by Tacotrienols

10 (Palmvitea)", Am. J, Clin. Nutr., 83, pp. 10218-68
(1991)). ]

A2 a class, the tocopherols, including d-o-
tocopherol (vitamin B), have been extensively studied.
As a result of these studies, certain biological

15 activities have been attributed to the tocopherols.
Such activities include platelet aggregation and
antioxidant functions (see, for example, E. Niki
et al., "Inhibition of Oxidation of Biomembranes By
Tocopherol™, Annals of the New York Academy of

20 Sciences, 570, pp. 23~31 {198%) and K. Fukuzawa et al.,
#Increased Platelet-Activating Factor (PAF) Synthesis
in Polymorphonuclear Leukocytes of Vitamin E-Deficient
Rats", Annals of the New York Academy of Sciences, 570,
PP. 449—-453 (1989)). Although the exact structure-

25 function ralationship is not known, several experiments
have highlighted the importance of the phytyl side
chain in the biological activity of tocopherols (see
K.A. Skinnar et al., ®™Antioxidant ﬁroperties of a-
Tocopherol Derivatives and Relationships of Antioxidant

30 Activity to Biological Activity", Lipids, 5(2),
pp. 184=186 (1969) and A.T. Diplock, "Relationship of
Tocophenel Structure to Biological Activity, Tissue
Uptake, and Prostaglandin Bicsynthesis", Annals of the

aw Yo o ea, 570, pp. 73-84 (1989)).



agents responsi bl e for cholesterol reduction in such popul ati ons (see
D. Kritchevsky at al., "Fiber, 35 Hyperchol esterolem a and

At hnr oscl erosi s", Lipids, 13,

-4- pp. 366-69 (1978)). Recently, the hypochol esterol em c effects
of cereal grains have been attributed to nat ur @] yconponents of the
grains -- tocotrienols ("Tferr]") and structurally simlar conpounds,
such as tocopherols 5 ("T"). Tocotrienols and tocopherols occur naturally
in small quantities in a wide variety of plant sources, such as
rice bran, palmoil and barley (A A Qureshi at al., "Lowering of Serum
Chol esterol in Hyper chol est erol em ¢ Hengns by. Tocotrienols 10
(Palnmvitem", Am J. dip. Nutr., 53, pp. 1021S-68 (1991))

As a class, the tocopherols, including d-a- t ocopherol (vitam n E)

have been extensively studi¥n contragt Borthe tocophenele, sinkexest dartain

bi ol ogi cal 15 act iﬂablt i:aéofﬂ/éhdl@!\aﬁ_tbéébl%ﬁﬁﬁa%,t as é@ﬂ@&%ﬂ&ms Such
for exampie. & - nveEe het Iy hoRRidtieg so B8 hERIERIRATI Crernr anes
By useful. Recently, however, studies have indicated that
5 tocotrienols may be biologically active. For example,
United states patent 4,603,142 identifies d-a-
tocotrienol, isolated from barley extracts, as an
inhibitor of cholesterol biocsynthesis. See also A.A.
Qureshi et al. (1986), gupra, Various human and animal
. 10 studies have confirmed the impact of pure tocotriencls,
isolated from barley, oats and palm oil, on cholesterol
biosynthesis, specifically LDL-cholasterol (A.A.
Qureshi et al., "Dietary Tocotrienols Reduce
Concentrations of Plasma Cholesterol, Apolipoprotein B,
15 Thromboxane B, and Platelet Factor 4 In Pigs With
. Inherited Hyperlipidemias", am. J,. €lin. Nute.,
PP. 10428-468 (1991); A.A. Qureshi et al., "Lowering of
Serum Cholesterol In Hypercholesterolemic Humans By

Tocotriencls (Palmvitee)”, Am. J. &lin. Nutr., 53,
20 pp. 10218-265 (1991); D.T.S. Tan et al., “The Effect Of

Palm 011 vitamin E Concentrate On The Serum And
Lipoprotein Lipids In Humans®, Am, J. €lin. Nutr., 53,
pPp- 10275-308 (1991)). In addition, tocotrienocl, y-
‘and §-tocotrienol have been indicated for use in the
25 treatment of hyparcholesterolemia, hyperlipidemia and
thronboembolic disorders (Eurcopean patent application
421,419). _
The five known naturally oceurring
tocotrienols have been designated tocotrienol, a-, 8-,

30 y- and é§~tocotrienocl. Those compounds exhibit varying
degrees of hypercholesterclemic activity and have also
been used as antithrombotic agents and antioxidants.
a-T4, for example, displays antioxidant activity
against lipid peroxidation in rat liver microsomal

35 nembranes and against oxidative damage of oytochrome P-



Tocopherol ", Annals of the New York Acadeny of 20 Sciences, 570, pp. 23-31
(1989) and K. Fukusawa et al., "I ncreased Pl atel et-Activating Factor
(PAF) Synthesi s i n Pol ynor phonucl uar Leukocytes of Vitam n E-Deficient
Rat s", Annals of the New York Acadeny of Sciences, 570, pp. 449-453
(1989)). Al though the exagt structure- 25 function relationship is not
known, several experinents have hi ghl i ghted the\Tﬁportance of the phytyl
si de chain in the biological activity of tocopherols (see N. A

skinner at al., "Antioxidant Properties of a- Tocopherol Derivatives and
Rel ati onshi ps of Antioxidant 30 Activity to Biological Activity", Lipide,
5(2), pp. 184-186 (1969) and A. T. D pleck,="Rel ati onshi p of

Tocophenol Structure to Biological Activity, Tissue Upt ake, and

Prost agl andi n Bi osynt hesi s", Annals of the New Yor k Acade of Sci ences,
570, pp. 73-84 (1480)§E. Serbinova, MMEMMB&ELM: -5 -
| tod as those Rden HI0EL) ) e e A e be
bi ol ogi cal |y Eg‘é%f“@éekﬂ"?,"%mﬂ?/ VidRapReaa FhCTARREAR, hat 5
tocotrienols my bsebiol ogically active. For exanple, United States
patent 4,603, 142 identifieqddodaingly, the need still exists for
compounds which, as single agents, can safely and
effectively act as hypercholesterolemic,
antithrombotic, antioxidizing, antiatherogenic,
antiinflammatory and immunoragulatory agents.

10 SUMMARY OF THE INVENTION

The present inventiocn solves the problenms
referred to above by providing novel tocoiéianols,
tocotrienol-like compounds, and mixtures thereof, that
are useful as hypocholesterolemic, antithrombotic,

15 antioxidizing, antiatherogenic, antiinflammatory and
immunoregulatery agents. These novel tocotrienols and
tocotrienocl=-like compounds are alsc useful in
decreasing iipoprotein (a) ("Lp(a)") concentration in
the blood, increasing feed conversion efficiency, and

20 in the treatment or prevention of conditions such as
fever, edema, diabetes mellitus, cancer, signs of
aging, pain, rheumatoid diseases, septic shock, chronic
fatigue syndrome and functio laesa.

The novel tocotrienols and tocotrienol-like

25 conmpounds of the present invention are useful in
inhihiting the synthesis of HMG-CoA reductase, reducing
lipogenesis and increaging the HDL/LDL cholesterol
ratio, as well as reducing total serum cholesterol, low
density lipoprotein~cholesterol, Lp(a), apolipoprotein

30 B, thromboxane A,, platelet factor 4, triglycerides and
glucose. Because of such individual activities, these
compounds are useful in treating diseases, for example,
coronary artery'disease, vhich result from the
interaction of processes such as lipoprotein



tocotrienol, isolated frombarley extracts, as an I nhi bitor of

chol esterol biosynthesis. See also A A Qureshi at al. (1986), supra.
Vari ous hunman and aninmal 10 studies have confirned the inpact of pure
tocotrienol s, i sol ated frombarley, oats and palmoil, on chol esterol
bi osynthesis, specifically LDL-chol esterol (A A "Qureshi at al.,
"Dietary Tocotrianols ReddCe Concentrations of ¥asma Chol esterol,
Apol i poprotein B, 15 Thronboxane B[err] and Platelet Factor 4 In Pigs Wth
I nherited Hyperlipidemas”", Am J. din. Nutr., pp. 10425-468 (1991);
A.A. Qureshi et al., "Lowering of Serum Chol esterol In

Hyper chol est erol em ¢ Hymans By Tocotriepqls (Palnvitee)", Am J. din.
Nutr., 53, 20 pp. 10215-265 (1991); D.T.S. e)fll'an et al., "The Affect O
Palm G| Vitamn E Concentrate On The Serum And Li poprotain Lipids In
Humans", Am J. Chhtabalnsm” dﬁ%regatianJo:UhaBBdSﬁSutéiﬁtbg.blobu addi tion,

tocotri'enol, [err r oI n ated for use
in the 25 treat rren lsa/per([i‘n%g] €s %@ % hggé%'&)ﬁﬁ} Ji ghgnd

t hr omboanbol i ¢ di Semee &n mmorhﬁpﬁr Bae: to impreve)the

The five known nadvéraly mwaaeulax ;smqural e obat ivss, been desi gnat ed

tocotrienol, Err] [err] '.l‘hs é é} ’ﬁ';?% %*‘gcot%a eToe
conmpounds exhi Bi t varyl ng q3gYeR ePERY %ﬁé}(yle g 7Y ty and
have al so.  bechhedumpuns tesotrienpdmiasa angdintlamuentany enddant .
[err], for exanpl mmgherdetilatorsi Wt C Bhdkédse zg,@gar nst lipid
peroxidation in ral,lluSlaulos" SROMKE pioed: TRA2E5er ke 3 3bnst &0 Ve
damage of cyt ochr PR s
efficiency, and for the treatment or pravention of
10 conditions such as fever, edema, diabetes mellitus,
pain, septic shock, chronic fatigue syndrome and
functio laesa.
Advantageously, the tocotrienol and
tocotriencl-like compounds reduce serum TNF and IL-1
15 levels. These activities render the compounds useful
in reducing active and chronic inflammation, such as
that associated with rheumatoid diseasa. Alse, such
activities render the compounds useful in treating,
preventing or lessening the severii:y of
20 immunoregulatory diseases, such as autoimmune diseases,
and in preventing or treating pain, septic shock,
chronic fatigue syndrome, functio laesa and oxidative
conditions. _
The effects of tocotrienol and tocotriencl-
25 like compounds on lipid metabolism also influence the
ragulation of antibody production. Thus, these
compounds are useful in modulating immune function
through adjustments in fatty acid levels.
Tocotrienol and tocotrienol-like compounds
30 also decrease glucose levels by mediating the levels of
insulin and glucagon. By increasing the insulin to
glucagon ratio in the blood, these compounds are useful
in increasing glucose intolerance in diabetes mellitus
and restoring acute glucose~induced insulin response in
35 non-insulin dependent diabetas mellitus patients.



450 (E. Serbinova, Free Radical Biology and Medi ci ne, I n press
(1991)). Despite these activities, the known tocotrienols have not
found wi de-spread therapeutic use. 5 Accordi ngly, the need
still exists for conpounds whi ch, as single agents, can safely and
effestively act as hypercho] esterol em c, antithronbotic, antioxidizing,
ant i at her ogeni c, antiinflammtory and inaunoredﬁfatory agents. 10
SUMVARY OF THE | NVENTI ON The present invention solves the
probl ens referred to above by providing novel tocotrienols,
tocotrienol -1i ke conpounds, and m xtures thereof, that are useful as
hypoChol esterol em ¢, antithronbotic, 15 angiexidi zing, antiatherogeni a,
antiinflamatory and i mmunor egul atory agents. These novel tocotrienols
and tocotrienol -1ike conmpounds are also useful in decreasi ng

li poprotein (a) ("Lp(a)") ctheaoved:tosotrienols: padptegptriancdsddkag f eed

conversion effici gagpoundd & this! ifvéneidin e ehaPast@riided byt conditions
o n, Theurnt of d APEELERs SLEERERL Boaradkpnieties and diEI1e o, one o
functio | aesa. biclogical achiyitpver, talkexmabively arky apestifiienbighi ke 25
cormpounds of tlge ggffsmmi&a/fmh@a éﬁfoﬁlﬁfdﬂafph9 ("HPEAW) Riledaent he
synt hesi s of HMG A‘{ﬁQUCt e rg C|g po gne |% a i_ncreasing the
HDL/ LDL chol est er BFeTileg and, spacifie, ék}WQ$ﬁﬁélﬁ8 fYﬁ%ﬂ s&FaM chol esterol ,
| ow particularly, the compounds of this invention may be
characterized by three structural features: (1) a
hydrogen donor group (or a group which can be
10 hydrolyzed to a hydrogen donor group) attached to an
aromatic ring system, (2) an atom having at least one
lone pair of electrons, said electrons being in
conjugation with the aromatic system and (3) a side
chain comprising one or more isoprensid or iscprencid-
15 like unites attached to a position adjacent to that
atom. This invention also encompasses the hydrolysis
and oxidation products obtained from such compounds.
In additijon, the compounds of this invention having the
above-mentioned structural characteristics are also
20 characterized by the ability to inhibit the activity of
g-hydroxy-g-methyl glutaryl coenzyme A (HMG-Cod)
reductase. Furthermore, thése compounds are effective
in the treatment or prevention of one or more of the
following diseasss or conditions: hypercholesterolemic
256 diseases, thrombotic diseases, oxidative conditions,
inflammation or immunoregulatory diseases or,
alternatively, in increasing feed conversion
efficiency. .
According to the alternate embodiment, the
30 novel tocotrienols and tocotrienol-like compounds of
this invention may be characterized by an elution time
of at least 22 minutes under the following HPLC
conditions: u-~Porasil column (Waters column, 10x, 4 mn
x 30 om) using an isocratic system of hexane and
35 disopropanol (99.78%:0.25%, v/v) at a flow rate of 1.3




density |ipoprotain-chol esterol, Lp(a), apolipoprotein 30 B, thronboxane

Alerr], platelet factor 4, triglycerides and gl ucose. Because of such

i ndi vidual activities, these conpounds are useful in treating diseases,
for exanpl e, coronary artery disease, which result fromthe

I nteraction of processes such as |ipoprotein

-7- nmet abol i sm aggréﬁhtlon of bl ood pl at el et s*bl ood coagul ati on
and fibrinolysis. Accordingly, the conpounds of this invention are
useful to inprove the overal | cardiovascul ar profile of patients. 5
This invention al so provides novel uses for t he known tocotrienols as
antiinflamtory and . I mmunoregul atory agends, .to decrease Lp(a)
concentration in the blood, to increase feed conversion ef ficiency, and

for the treatnment or prevention of 10 conditions such as fever, edens,
di abet es nel | itusml/minpaiThe particuianctempsundniis detectad athanone and
functio |aesa. ex:.tation wav@i\éﬁaiﬁ%?uﬁé’ mrI '&ﬁdt ﬂﬁoéﬂiﬁﬂn and
tocotrienol-like co fun Bﬁgu%e serEPLJqf 15 | evel s, _These
activities render¥ Pﬁg %Eﬂﬁh) $38s8pyffive qq?ﬁ“@&ué?ﬁﬁ“%&ﬁ WAL Y chr oni ¢
i nfl ammati on, suchbaserption at 295 nm. In addition to the above-defined
5 elution profile, the novel tocotrienols of this
invention are alaso characterized by the ability to
inhibit the activity of HMG-CoA reductase.
Acocording to this invention, tocotrienocls and
tocotrienol-like compounds may bae conveniently obtained
10 from biological sources., Alternatively, they may be
synthesiged using conventional chemical methodologies.
In a preferred embodiment of this invention, the
tocotrienols and tocotriencl-like compounds are
isolated and purified from stabilized biolegical
15 sources. This invention alsc encompasses the
tachniques used to purify such compounds.
In a preferred embodiment of this invention,
the tocotrienols, tocotrienol~like compounds and
mixtures thereof, may be administered to an animal or a
20 human as a pharmaceutical composition, a foodstuff or a
dietary supplement, to treat or prevent
hypercholesterolemic diseases, thrombotic diseases,
oxidative or atherogenic conditions, inflammation or
immunoregulatory diseases. Advantageously, these
25 compositiones, foodstuffs and dietary supplements may
also be used to increase feed conversion efficiency,
decrease Lp(a) concentration in the blood and in the
treatment or prevention of fever, edema, diabetes
mellitus, cancer, signs of aging, pain, rheumatoid
30 diseases, septic shock, chronic fatigue syndrome and
functio laesa.



that associated with rheumatoi d di sease. Al so, such activities render
t he conpounds useful in treating, preventing or |essening the severity
of 20 i munoregul atory di seases, “such as aut.oi mmune di seases, and in

preventing or treating pain, septrmsggggﬁs&wumwﬁamonlc fatlgue syndr one,

functio | aesa and oxi dati ve co . : The effects of
tocotrienol and tocotrienak- 25 |i ? & J&HHlulv lipid netabolismalso
i nfluence the regul ati on of an >t on. Thus, these

conpounds are useful in nodul ating-immune function t

in fatty acid | evels. Tocotrienol and tocotjri

conpounds 30 al so decrease glucose |levels hy nediating t

i nsulin and glucagon. By increasing the i'hstfl ’'n to gl ucagon ratio in

the bl ood, these conpounds are useful in |ncreaS|ng gl ucose intol erance
Yo ! S Qs gd insulin

in di abetes mellitus ano;;.” g0 3
response in 35 non-insulin d&pt ; '
The novel tocotrienols andjugqggglgngldépﬂet tng agﬁiatguhf(dﬁf@brantnvent|on

are characterized gé’otrie.n esc'ffrbﬁ ﬂcé’%é’a{naloz ar a&g& stél%s and specific
concentrations in various ‘tissues of hyper-
5 cholesterolemic swine.
| Figure 5 depicts the effects of GT301 (y-Ts)
on superoxide production in human peripheral blood

3 LNl

neutrophils.
DETAILED DE ON OF THE I N
10 In order that the invention herein described

may be more fully understood, the following detailed
description is set forth. In the description, the
following terms are employed:

. Biological source - Any natural or

’ 15 recombinant plant socurce, natural or transgenic animal
source, microbial source (e.g., bacteria), fungi,
yeast, algae, higher plant source, or derivative
thereof, which contains one or more tocopherol,
tocotrienol or tocotrienol-like compounds.

20 Stabiligation ~ A process effective to
increagse the recoverable amounts of tocopherols,
tocotrienols and tocotrienol-like compounds in a
biological source by one or a combination of:

(1) inactivating enzymes which are capable of degrading

25 tocotriencls and tocotrienocl-like compounds in that
biological source, (2) breaking bonds or otherwise
interfering with the interactions ~=- such as hydrogen
bonds, covalent bonds, ionic bonds, Van der Waals
forces, London forces and hydrophobic or hydrophilic

30 interactions which bind the desired products to
proteins, sugars, lipids, carbohydrates, glycoproteins,
other bioclegical molecules (i.e., amino acids or
nucleotides) or other membrane components, or
conbinations thereof, in the biolcgical source -- which



bi ol ogi cal activity or, alternatively, by specific high 5 performance

| i qui d chromat ography ("HPLC') el ution profiles and specific biological
activity. Mre particularly, the conpounds of this invention nmay be
characterized by three structural features: (1) a hydr ogen donor group
(or a group which can be 10 hydrolyzed to a hydrogen donor group) attached
to an aromatic ring syetem (2) an atom havi ng & | east one | one
pair of electrons, said electrons being in conjugation with the
aromatic syutemand (3) a side chain conprising one or nore isoprenoid
or inmoprenoid- 15 like units attached to a position adjacent to that

atom This invention al so enconpasses thq.q¥ﬂtplysis and oxi dation
products obtai ned from'such conpounds. addi tion, the conpounds of
this invention having the above-nentioned structural characteristics

o oo S e bt ol
Furthernore, thes&n@5nP calo g8, | thns facilifatin ol
prevention of oneofr those ddsiried compbuhdsyioryg (3)sincresasing dhei t i ons:
nyper chol est er ol egLeugby€) 3RS chBbEPIGIdIE dnaCEsEstr AdIAINE
condi ti ons, inrTamvation “or "I nunor eégu atoL¥ di seases or,
al ternatively, 5 ncpueeunds of tbat bialegign), source;peyqnd, that prior
According to the gbtstaiirizwtiof 6ENbeydht tHa leok|of asliubiditlysefnd
e ution time | oftar Egikiingls bR 2 SSHEIoARARE polf- B AR 200 BY A0
conditions: [err]bbolegigal sourses bt s vasulsnof| stabiiization, x 30 cm
using an isocrati ¢ctytthshclls AndatecetEeivl-1dRa0SoMEdUdd ifb% 0. 25% v/ V)
at a flom’ratﬁoOfbibfoqical source may be recovered in higher yields
- than those realized from a corresponding non-stabilized
biclogical source.
Tocol - A mixture of one or more compounds
selected from tocopherols (T), tocotrienocls (T;), and
18 tocotrienol-like (T4~like) compounds.
.  Tocotrienol-likg ~ Any biologically active
compound which is contained in or derived from a
bilological source and (1) which is released, or whose
release is facilitated, wpon stabilizing that source or
20 (2) whose recoverable amount in that source is
increased by stabilizing that source, Buch
tocotrienol-like compounds include any biologically
active compound displaying the biological activity of a
tocotriencl which inhibits the activity of HMG=CoA
25 reductase as measured by an in vitro HMG-CoA reductase
assay, such as that described in D.J. Shapiro et al.,
"Microassay for B-hydroxy-B8-methylglutaryl-CoA
Reductase in Rat Liver and in L-cell Fibroblasts?,
Biochim, Biophvs. Acta, 370, p. 369 (1974).
30 Tocotrienol-like compounds include, but are not limited
to, any electron transfer ring compounds, anti-oxidant
type compounds, redox compounds and compounds similar
to or containing the three structural features that
characterize the tocotrienols of this invention.
35 Specific examples of Ty~like compounds are ubigquinones,
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treatnment or prevention of fever, edema, diabetes mel litus, cancer,
signs of aging, pain, rheumatoid 30 diseases, septic shock, chronic

fati gue syndronme and functic | aesa.

REPLACEMENT SHEET - 10 -

BRI EF DESCRI PTI ON OF THE DRAW NGS Figures 1-4 depict the
effects of different tgeotrienols fromrice bra il on fatty acid
concentrations in various tissues of hyper- 5 chol'esterol enmi ¢ swi ne.
Figure 5 depicts the effects of GI301 (y-T3) on super oxi de production
I n human peri pheral bl ood neut r ophi | s. 10 I n order that
the i.nvention herein described may be mgre fully understood, the
followi ng detailed -description is set® fdr h. -In the description, the
following ternms are enpl oyed: Bi ol ogi cal source - Any natural
or 15 reconbi nant ur, r or=Ypy | urce,
m cr obi al source g#g;ﬂélgéa’,ctdgﬁdg)ﬁkyl%?ﬂcﬂ %?/leaaggjhfcz)ﬁ?%gaier?j1 i°8H8?‘ QpI ant

source, or derivathegecf wherein:
' Ry and Ry is each independently selected from

the group consisting of H, halogen, CH, OCH; and C ~Cq
5 branched or unbranched alkyls;
Ry is selacted from the group consisting of
OH, NHRg, CO,Y, C(Rs)zcozﬂ, and C-Cgz branched or
unbranched alkyls substituted by OH, NHRg, CO,H or
C(Rg) 5C0oH; _
10 R, is selected from the group consisting of
O, NH, CH—RQ, C=0 and CH-OH;
Ry is selected from the group consisting of
CH,, CHOH, O, S and NH; '
Rg is selected from the group consisting of H
15 and ¢;-Cz branched or unbranched alkyls;
Each R; independently reprasents

B" ﬂ1. . OH R”

o~

wherein R,q is selected from the group

conaisting of H, NH, and €,~Cg branched or unbranched
20 alkyls;

Rg and Rg is each independently selected from
the group consisting of K and C,~Cg branched or
unbranched alkyls;

Bach R(y iz independently selaected from the

25 - group consisting of H, Cy-Cg branched or unbranched
alkyls, CH,OH, CO,H or OH;

Y is H or ¢(=Cyg branched or unbranched
alkyls, preferably C,-C; alkyls;



t hereof, which contains one or nore tocopherol, tocotrienol or

tocotrienol -1i ke conmpounds. 20 Stabilization - A process
effective to i ncrease the recoverabl e anounts of tocopherols,
tocotrienols and tocotrienol-1ike conmpounds in a bi ol ogi cal source by
one or a conbination of: (1) inactivating enzynmes which are capabl e of
degrading 25 tocotrienol®and tocotrienol-like conmedunds in that

bi ol ogi cal. source, (2) breaking bonds or otherw se
i nteractions -- such as hydrogen bonds, coval ent

interfering with the
bonds, ionic bonds,

Van der Waal s forces, London forces and hydrophobic or hydrophilic 30
i nteractions which bind the desired prodycktg Lo = proteins, sugars,

| i pi ds, carbohydrates, glycoproteins, ot her bi ol ogi cal nolecules (i.e.,
am no aci ds or nucl eoti des) or other nenbrane conponents, or

combi nations thereof, in theis gl,ouamexs,om;;ecnzomhi

’ OCHS ar

-11 - retaj ?%éfotrienols and tocotrienol -like conpounds in

that biological s

thus facilitating the rel ease

of those desired

compounds, or (3) increasimyighan integss fxom fy4pfanthe tocotrienol s and
tocotrienol -like 5 conpoynds gh iRedge¥ Trea $asosmbrese prerepdblpat prior

5 1-20 or most preferably 3-~10.

TRF -~ A tocotrienol-rich fraction obtained by
the stabiligation and extraction of a biological
source. It typically contains varying amounts of the
f£iva known tocotrienocls, the known tocopherols and the

10 novel tocotriencls and tocotriencl-like compounds of
this invention. Most commonly, the TRF will be
composed of about 50% to about 90% tocotrienols and
tocotrienol-like compounds. The TRF, may be used for
any of the uses described herein for either the known

15 tocotrienols or the novel tocotrienols and tocotrienol-

like compounds of this invention.

TRP Standard =~ A tocotrianclerich fraction
(TRF) obtained from palm oil (A.A. Qureshi et al.
(1991), supra). The TRF Standard contains varying

20 amounts of a=-~, y~ and §~tocotrienol and c~tocopherol
but essentially none of the novel tocotrienol and
tocotrienol~like compounds of this invention.

Enhanced ~ The state of a stabilized
biological source, wherein the recoverable amount of

25 the novel tocotrienols and tocotrienol-like compounds
of this invention is increased beyond that recoverahkle
from the biological source prior to stabilization.

Foodstuff - Substances that can be used or
prepared for use as food for an animal or a human.

30 Poodatuffa include substances that may be used in the
preparation of food (such as frying oils) or food
additives. For example, foodstuffs include animals
used for human consumption or any product therefrom,
such as, for example, eaggs. Such animals themselves

35 may have ingested or been treated with one or more



to stabilization or beyond the | evel of solubility of the tocotrienols
of a correspondi ng non-stabilized bi ol ogi cal source. As a result of
stabilization, tocotrienols and tocotrienol-1ike conpounds in a 10

bi ol ogi cal source may be recovered in higher yields t han those realized
froma correspondi ng non-stabilized bi ol ogi cal source.

Tocol - A nmixture of one ® nore conpounds ‘sel ée¥#ed fromtocopherols
(T), tocotrienols (T[err]), and 15 tocotrienol-like (T[err]-1like)
conpounds. Tocotrienol -1i ke - Any biologically active
conmpound which is contained in or derived froma bi ol ogi cal source and
(1) which is released, or whose reIeQ§q5i§ facilitated, upon
stabilizing that source or 20 (2) whose réecoverable anpbunt in that source
Is i ncreased by stabilizing that source, Such tocotrienol -1ike

conpounds i ncl ude+aBytPiéncl]iokaltbotriefsl-1ikaC a6RPOMI AictDIfRi0aBGUL bE

bi ol ogi cal activit f tocotrienpl whigh.i It e ti Vi of
PVG CoA 25  reducPiubaiiing tneR |’ s ‘dipqusied pa? E«\% @iﬁ%&%ﬁgﬁ“
assay, such as ther beiny igkberwise sdmbrigtieredctogetrienols prcr oassay for
L Cel 1 i brobl gat CcOBEIAdI TaReY bokpdinds, HRGHCAABE1S FEa e Oe 0"
-ce i brobl gsts i ochi m B s. JActs, . . .
Tocotrienol -1iKe EGHEEﬁﬁﬁﬁ?qsngVBﬁﬁgLiggggﬁq;eﬁgF'I?ﬂ¥45ﬁ¥°éiéa?%f any
el ectron transf er antiegidigingadsptiatheragemis, antiinflammatosyndsd redox
conpounds and CoONpaMiEretula E¥ propértilest 02! 8h8! £ékdtia dnid18Canlar uct ur al

k3
features that he tocotyienols of this invention. 35
'ﬁ&*@ E%M%%HHG% are ubi qui nones,

char acter.i
Specific exanplest%ﬁg%€lﬁqﬁ1
HBLC elution time or profile - Except where

10 otherwise noted, the term "HPLC elution time or
profile" referzs to the time necessary for a given
compound to elute from the HPLC column or the
characteristic profile of a mixture of compounds
(20 pl) under the following conditions: u-Porasil

15 column (Waters column, 104, 4 mm X 30 cm) using an
isocratic system of ‘hexane and isopropanol
(99.75%:0.25%, v/v) at a flow rate of 1.3 mi/min. The
compound is detected at an exitation wavelength of 295
nn and an emission wavelength of 330 nm (fluorescence

20 detector) and UV absorption at 295 nm.

The individual tocotrienols and tocotriencl-
like compounds of this invention constitute a novel
class of hiologically active compounds. Several of
these compounds occur naturally in small quantities in

25 biological sources. Therefore, in a preferred
embodiment of this invention, tocotrienols and
tocotrienol-like compouhds are recovered from
bioclogical materials which have baen stabilized and
extracted according to the processes described in

30 copending International patent application
PCT/US91/03626, filed on May 23, 1991. The
stabilization and recovery process disclosed therein
enhances or increases the yields of tocotrienols and
tocotriencl-1like compounds recovered from biological

35 sources.



- 12 - pl ast oqui nones, i soqui nones, phyll oqui nones, benaoqui nones,

fl annel s, flavanoi ds, coumarins, unsat urated terpanoi ds and unsat urat ed
i sopr enoi da. The term"T[err]-like conpound" al so enconpasses anal ogues,
5 honvol ogs, isonmers and derivatives of such conpounds, such as

prenyl ated derivatives or .pyrolytic derivatives. Preferred
tocotrienol -1ike conpoundg have the fol |l ow ng sg+pctures: [err]

- 13 - and salts, oxidation products and hydrolysis products

t her eof wherein: ' Rlerr] and Rlerr] is each independently
selected from the group consisting of H, hal ogen, OH COCH err] and
Jerr]-Cerr] 16 :

The tocotrienol and tocotrienol~like
compounds may be raecovered from any biological
materials including, but not limited to, oats, wheat,
rye, barley, soybean, wheat germ, wheat bran, corn,

5 rice (including whole kernel, husk or hull, endosperm
and germ), cottonseed, milkweed, flax, sesame, rice
bran, parboiled brown rice, krown rice flour, olives,
vegetable oil distillant, fruit concentrate evaporate,
barley bran, palm oil, wheat germ oil, rice bran oil,

10 barley oil, coconut oil, cottonseed ©il, soybean oil,
other caereal grains and other cereal grain oils, plant
tissues, flowers, bushes (such as juniper), trees (such
as pine and rubber), fruits (such as melons, berries,
tomatoes and citrus fruits), vegetables, grasses (such

15 as alfalfa), fungi (such as mushrooms), leaves, seeds
(such as sesame, millet and pine}, such as sesame seeds
and pine seeds, stems, bark, roots, nuts (such as
cashews and almonds} and legumes (such as peanuts), or
portions thereof. We have noted that the tocotrienols

20 and tocotrienol-like compounds decompose in the
biological source over time. Therefore, we prefer to
use freshly harvested biological sources. Most
preferably, the biological source is freshly harvested,
stabilized rice bran.

25 Alternatively, the tocotrienols and
tocotrienol-like compounds may be obtained from a non-~
stabilized source or synthesized according to known
chemical methodology. Typical synthetic routes are
described in J.W. Scott et al., "Synthesis of (2R, 4'R,

30 8'R)=-a=Tocopherel and (2R, 3'E, 7'E)=-a=-Tocotrienol",
Helv. chem. Acta, 59, pp. 250-306 (1876) and P. Schudel
et al., "Die Synthese von rac. ali-trans 6~ und ¢-
Tocophercol"®, Helv, Chem. Acta., 46, pp. 2517-2526
(1963). An alternative synthetic scheme is proposed in

35 European patent application 421,4139.



5 branched or unbranched al kyl s; Rlerr] is selected fromthe
group consisting of OH NHR[err], Cderr]Y, CRerr])[err]Cderr]H,
and Cerr]-Cerr] branched or unbranched al kyl s subutituted by OH,

NHR[ err], Cderr]H or C (Rerr]) [err]CJerr]H 10 Rl err]

I's selected fromthe group~consisting of O NH, CHRerr], C0 and

CH OH; Rlegr] is selected fromthe ggoup consisting of

CH err], CHOH, O S and NH, Rlerr] is selected fromthe
group consisting of H15 and (err]-Cerr] branched or unbranched al kyls;
Each Rl err] independently represents [err] wherein
Rlerr] is selected fromthe group consisting of H NHerr] and
Clerr]-C[err] branched: or unbranched 20 &1 I §; - Rlerr] and
Rlerr] is each independently selected from the group consisting of H

o Cherel ert) Branched il soerbRiA e biibeeteno ke, E2°1
Clerr]-Cerr] branenpenands afpthientuvention mpysbe prjteredoly &OPWR | H or OH;
Y is Hor Cerr]-gchéfidal Meahghed prodiidd ¥agieds derirdtives preferably
Qerr]-Cerr] alk¥£§ioques. Such derivatives or analcgues may be more
5 easily isolated in pure form, or more resistant to
degradation, or possess other desired characteristics.
Such derivatives and analcgues are also envisioned by
this invention. Known chemical means to alter the
compounds of this invention include, but are not
10 1limited to, heating in the presence or aksence of air
or in an inert or reactive gas environment (or in a
mixture of inert and active gases) and pyrolysis.
This invention encompasses the d- or 1-
isomer and the 4, l~ racemic mixture of each
15 tocotrienol and tocotrienol-like compound. However,
the naturally ocourring d-isomer is preferred. This
invention also includes mixtures of at least one novel
tocotrienol or tocotriencl-like compound of this
invention with one or more of the known tocotrienols.
20 The tocotriencls and tocotrienol-like
compounds. of this invention may be characterized either
by specific structural characteristics or '
alternativaly, by a specific elution profile and
specific bioclogical activity. In the former case, the
25 compounds of this invention share three structural
features: (1) a hydrogen donor group (or a group which
can be hydrolyzad to a hydrogen donor group) attached
to an aromatie ring system, (2) an atom having at least
one lone pair of electrons, said electrons being in
30 conjugation with the aromatic system and (3) a side
chain comprising one or more iscprencid or isoprencid-
like units attached to a position adjacent to that
aton., This invention also encompasses the hydrolysis
and oxidation products obtained from such compounds.
35 Thess compounds are effective in increasing feed




- 14- Zis H halogen, OH, CHerr]OH CHerr], OCHerr] or
COoCH err]; nis an integer fromO0-4; and mis
an integer from1-30, nore preferably 5 1-20 or nost preferably 3-10.

TRF - A tocotrienol-rich fraction obtai ned by the stabilization and
extraction of a biological- source. It typically contain varying anounts
of the five known tocabrienols, the known tocoplherols and the 10 novel
tocotrienols and tocotrienol -1ike conpounds of this invention. Most
commonly, the TRF will be conposed of about 50%to about 90%
tocotrienols and tocotrimol -1i ke conpounds. The TRF, may be used for
~any of the uses described herein for eitphegjgthe known 15 tocotrienols or

t he novel tocotrienols and tocotrienol - | i ke~ conpounds of this

i nventi on. TRF Standard - A tocotrienol-rich fraction

R B oo A om Sxwpaalon BCkfetandpy dhocashing Lp(a) eba&é):traubm_). The
t t g
ansare coh fﬂ{ﬁxé’%ébpgog ﬂ%ﬁgﬁggig e#;{ Qrkgf;{, aEOGPL T eno

and [err]-tocophero e nove rienol and
tocotrienol -1i ke pXaNsati®n of omsor mst p&nthe followinq dlsiﬂﬁ%ﬁc@d The

state of a stabilé¢gpritionshi Ol@fketeguldtos a\tﬂﬁd} hh@lmatféﬁbl e anmount
of 25 the novey togRll! Qaghd, ARfad 5 %'eﬂ"tus, KaredP OidRe of
aging, pain, rheumatoid diseases, septic shock, chronic
fatigue syndrome and functio laesa.
According to an alternate embodiment, the

novel tocotrienols and tocotrienol-like compounds of

10 this invention may be characterized by an elution time
and specific biological activity. These compounds
elute after at least 22 minutes under the following
high performance liguid chromatography (HPLC)
conditions: Porasil column (Waters column, 104, 4 mm X

15 30 cm) using an isocratic system of hexane and
isopropanol (99.75%:0.25%, v/v) at a flow rate of 1.3
nl/min. The compound is detected at an exitatien
wavelength of 295 m and an emission wavelength of 330
mm (fluorescence detector) and UV absorption at 255 nm.

20 In addition to the above-defined elution profile, the
novel tocotrianols and tocotrianol-like compounds of
this invention are also characterized by the ability to
inhibit the activity of B-hydroxy~-g-methyl glutaryl
coenzynme ‘A reductase ("HMG~-CoA reductase").

25 The prefarred claszs of compounds of this
invention is of formula I:

R,

R
H“tc"'z)n

(Re)m
Ry R b .



of this invention is increased beyond that recoverable fromthe

bi ol ogi cal source prior to stabilization. Foodst uff -

Subst ances that can be used or prepared for use as food for an ani nal
or a human. 30 Foodstuffs include substances that may be used in the
preparation of frood (such as frying oils) or food addi tives. For
exanpl e, foodstuffs include,aninals used for hu consunpti on or any
product therefrom such as, for exanple, eggs. Such an mHisSSHEM BL] KBSy
35 may have ingested or been treated with one or nore REPLACED

- 15- tocotrienol or tocotrienol-like conpound, or foodstTufTs

contai ning them As discussed herein, after ingesting or being

ot herwi se adm ni stered tocotrienols or Pototrisnol -1i ke conpounds, such
animals retain the 5 advantageous hypochol esterolem c, antithronbotic,

mi s retsin the ageous hypor ! |
oropor 11 s of t heltavas, Al ApEe1f BdddE BT BhOY, TG compblEHE 691" = 1Y

HPLC el ution ti mefMWaod Ap notxirgiudg, desnethylthacatrdengicld¢he term
"HPLC el ution tirgiydro-z-peehylei-(£fe5n~-tpihbengitdeeasssary for a given
conpound to el utes,f(ﬁrp.?t,t}%’ ',_lﬂ[ -&Q eunnﬁ)Q-r.znt-tfgbenzopyran-s-ol) ¥
5 Typical hydrolysis products of the compounde
of formula I which are also envisioned by this
invention include, but are not limited to, compounds of
formula II:

poansl | )

10 wherein Ry=Ryg, %, n and m are as defined as above.
Preferred compounds are the compounds of formula I,
wherein R;, Ry and Z are each independently H, halogen,
OH, OCH; or CH3; R is OH, OCH; or NHy; R, is C=0, CH, or
NH; Ry is O, S, CHy or NH; Ry is H or Ciyi Ry and

15 R,qare each indspendently H or CH3; n is 0 or 1; and m
is 3-10.

The most preferred compounds are the
compounds of formula I, wherein R,, Ry, Z, Rg and Rg are
each hydrogen, Ry is:0H, R, is CHy, Ry is CHy or O, Rg

20 is # or CHy, Ry4g is H or CH;, n is 1 and m is 3.

The novel compound, 3,4-dihydro-2=(4,8,12-
trimehtyltrideca=-3'(E),7'(E),11* trienyl)-2H-1-
benzopyran-é~ol ("Pyg"), is representative of the class
of compounds according to formula I. The structure of

28 this compound is shown below:

» The compounds of formula I also exclude a~, 8=, 7
and é-tocotrienocl. :



characteristic profile of a m xture of conpounds (20 [err]l) under the
follow ng conditions: [err]-Porasil 15 colum (Waters colum, 10[err], 4

nm x 30 cn) using an i sooratic system of hexane and i sopropanol
(99.75% 0.25% v/v) at a flowrate of 1.3 m/mn. The conmpound i s
detected at an exitation wavel ength of 295 nm and an emni ssi on

wavel ength of 330 nm (fluauescence 20 detector) angd,UV absorption at 295
nm The individual tocotrienols and tocotrienol - i ke
conmpounds of this invention constitute a novel claus of biologically
active conpounds. Several of t hese conpounds occur naturally in small
quantities in 25 biological sources. Thergfqe, in a preferred

enbodi nent of this invéntion, tocotrienols and - tocotrienol-Ilike

conpounds are recovered fron1H bi ol ogi cal materials which have been
stabilized and extracted pccording to the processes described in 30
copendi ng | nternati onal HQ 1 , catlon PCT/ US91/ 03626, flled on May
23, 1991. The stabilizaff 1
enhances or increases the yiel dg X tocotrierpol -1ike

Tocotrienols and tocotrienal-like compounds
of this invention having the above-defined structural
features are also characterized by biological activity.

5 They are useful in increasing feed conversion
efficiengy, decreasing Lp(a)} concentration in the blecd
or in the treatment or prevention of one or more of the
following diseases or conditions: immunoregulatory
diseage, inflammation, fever, edema, diabetes mellitus,

10 cancer, signs of aging, pain, rheumatoid diseases,
septic shock, chronic fatigue syndrome and functio
laesa., They may also reduce the levels of TNF, IL-~1
and IL-1 stimmulatory products including possibly IL-2,
IL-6, IL-§, GMCSF, prostaglandins and gamma interferon,

15 while increasing antibody titers in response te foraign
proteins. By virtue of these activities, these
compounds may result in a decrease in the release of
superoxide and other cytotoxins produced by
neutrophils, mast cells, basophils, monocyctes and

20 ppacrophages, eosinophils, platelets, lymphocytas and
polynorphonuclear leukocytes, endothelial tissue and
other immunoregulatory tissues. Thesa compounds may
also effect an increase in antibody titars.

HMG~CoA reductase catalyzes the rate-

25 1limiting step of cholesterol biosynthesis. Therefore,
a reduction in its activity decreases the total amount
of cholesterol in the serum of animals and humans
alone, or in combination with a low fat, low
cholestercl diet. The effects are most noticeable in

30 hypercholesterclemic individuals with poor dietary



The tocotrienol and tocotrienol-Iike conmpounds may be recovered from

any bi ol ogi cal materials including, but not limted to, oats, wheat,
rye, barley, soybean, wheat germ wheat bran, corn, 5 rice (including
whol e kernel, husk or hull, endosperm and germ, cottonseed, m | kweed,
flax, sesane, rice bran, parboiled brown rice, brown rice flour,
olives, veget abl e oik_gistillant, fruit concentrate evaporate,

barl ey bran, palmoil, wheat germoil, rice bran oiT, 10 barl ey oil,
coconut oil, cottonseed oil, soybean oil, ot her cereal grains and ot her
cereal grain oils, plant ti ssues, flowers, bushes (such as juniper),
trees (such am pi ne and rubber), fruits (such as nelons, berries,
tomatoes and citrus fruits), vegetabl es, -gRasses- (such 15 as alfalfa),
fungi (rmuch as nushroons), |eaves, seeds (such as sesanme, mllet and
pi ne), such as sesane seeds and pine seeds, e bark, S, huts

. st , root
(such as cashESFLBANG -a| FURESHLLlYg the, becotrien %@%&?&P§f?e¥3¢1'
portions thereof.1ike hastponhdsdot hetiid Nimventdbni cadice Zhe activity of
tocotrienol -1ike [ ot | s oyr.c r
time. Therefore, %ﬁ?@%&gﬂﬂﬁé{}& Ityaﬁg‘?{\:/gié edﬁﬁiltgﬁo ¥ 8urces.
Mbst pr ef er abh§s2¥ Kieasrdbedi tn| Shapino: (BBprakre Yy gation
stabilized ricg befmo-240 pg/ml. More\preferablgl Yhowdiert,0ther iMeetsA and

tocotrienol -1ike qunds 0 | r - abhdi

source or synt hesél;éz)"‘ier :%%orag?%ﬁ'??% %‘%@eﬁ gﬂ]e%g;t r?etaﬁco)g%l gg%/.é%pi cal
synt hetic routes tost prefgrablypbyl aheut BB¥scott et al., "Synthesis of (2R
4'R, 30 8 R)-a-Tocopherol wR§1é 2kt ViBhifigEkol Bé ot My thasky, we Hel v.

Chem Acta, 59, . Q- (1976) P.._Schudel al., "D e Synthese
von rac. all-t raﬁge"[é%ﬁ ﬁgﬁd‘f’&? r?fm‘q“ f&?&ﬁﬂgfwt%l'v. Chem Acta., 46,
pp. 2517-252610 gntiknidizingl and ninnunereguiatory pripersies pfopkeed in 35
European patent apfidiedlendd 484 €dcbtriencl-like compounds is a result

of an inhibition in the production of free arachidonic

acid. ’

We believe that the inhibition in the

15 production of arachidonic acid is caused by either the
inhibition of phospholipase A, or alternatively, by
increasing the amount of corticosterone level in the
blood. . Phaspholipase A, cleaves at C-2 of phosphate
head groups, resulting in the release of free

20 arachidonic acid. Arachidonic acid can then be
converted into a variety of bioleogically important
molecules, such as the prostaglandins and thromboxanes
(via the cyclooxygenase pathway) and the leukotrienes
(via the lipoxygenase pathway). We believe that the

25 hydrogen donor group of the tocotrienol and
tocotrienol-like compounds bonds with the phosphate or
phospholipid groups of bioclogical membranes. In
conjunction with the aromatic system, it also plays a
role in radical scavenging. The isoprenoid tail may

30 act to stabilize the membrane =-- possibly by forming
weak bonds with the lipid side chains. In addition, by
optionally replacing the tocotrienol methyl with other
substituents (such as, for example, hydrogen) at
position 2 on the chromanol ring, we are able to _

35 naximize the stabilization of the membrane. We believe



-17- The tocotrienols and tocotrienol-1like conpounds of
this invention may be altered by known chem cal neans to produce
various derivatives or anal ogues. Such derivatives or anal ogues may be
nore 5 easily isolated in pure form or nore resistant to degr adati on,
or possess other desired characteristics. such derivatives and

anal ogues are al so envi sioned by this invention. Known chem cal neans
to alter the conpound?“of this invention includ® but are not 10
limted to, heating in the presence or absence of air or in an inert or
reactive gas environnent (or in a m xture of inert and active gases)
and pyrol ysis. This invention enconpasseS the d- or 1-

i somer and the d, 1- racemic mxture of ea@a %5 tocotrienol and
tocotrienol -1.i ke conpound. However, the naturally occurring d-isoner is
preferred. This I nvention also includes m xtures of at |east one novel

tocotrienol or toSBakithe aromatigompeten nay @ise aid imiehtenipg: ghene or
nore of the knownghpgaéd i N®he méflbrane, thus IRGréAsDAd HWIstedid

e ther o by spebiRatays FiE pupephol oadk g, pid BiSerkotizae boR0Ar) by
a specific el utiodepredsing 46 permeability. The aromatic system may
5 also serve electron-transport and antioxidizing
functions. Such a hypothesis would contribute to the
explanation of the broad spectrum of biological
functions that are effected by the administration of
the tocotrienols and tocotrienol-like compounds

10 according to this invention.

This invantion also includes several novel
uses for known tocotriencls, as well as tocotrienols
and tocotrienol compounds as described herein.

Examples include their use as antiinflammatory,

15 antiatherogenic and immunoregulatory agents, for the
treatment of fever, edema, diabetes mellitus, cancer,
signs of aging, pain, septic shock, chronic fatigue
syndrome and functic laasa, In addition, tocotrienols
and tocotrienol-like compounds aAre useful for

20 increasing feed conversion afficiency ~=- resulting in
conversion of a greater percentage of food into protein
rather than fat -- and decreasing Lp(a) concentration
in the blood. Xnown tocotriencls exhibit much of the
same biological activity attributed to the novel

25 tocotrienols and tocotriencl-like compounds of this
invention. For example, known tocotrienols are capable
of reducing total serum and LDL-cholaesterol,
apolipoprotein B, thromboxane A,, platelet factor 4,
triglycerides and glucose and inhibiting the activity

30 of HMG-CoA reductase. They also reduce the levels of
TNF and IL~1, and possibly IL-2 and gamma interferon,
while increasing antibody titers in response to foreign
proteins. In combination, these factors may produce a
variety of advantageous and novel biclogical results,

3% including a decrease in the release of superexide and



specific biological activity. In the fornmer case, the 25 conpounds of this
I nvention share three structural features: (1) a hydrogen donor group
(or a group which can be hydrolyzed to a hydrogen donor group) attached
to an aromatic ring system (2) an atom having at | east one | one pair
of electrons, said electrons being in 30 conjugation with the aromatic

system and (3) a side . chaln conpri sing one or qg;e | soprenoi d or
i sopr enoi d- like unitS7attached to a position ad] acent to that

atom This invention al so enconpasses the hydrolysis and oxi dation
products obtai ned from such conpounds. 35 These conpounds are effective in
I ncreasing feed conversion efficiency, decreasing Lp(a)
concentration in the blood or, alternatgsgvely,. in the treatnent or
prévention of one or nore of the follow ng di seases or condi tions:

i munor equl atory di sease, inflammation, 5 fever, edens, dlabetes mel I'itus,
cancer, signs of Othes eykptaxins, prﬁ@wmmmeagwlm cedigopnd

chronic fati g Syeceee iNdntiBedy ctitmsa. According to
o ol ternate ol ent. Vg TGkELe AP S BERL o RE F AI
according to this invention are preferably recovered
5 from stabilized bioclogical sources. Alternatively,
tocotrienols and tocotriencl~like compounds may be
recovered from bhiological sources subjected to
conventional food processing or preparation techniques.
The stabilization process, however, ‘greatly increases
. 10 the recovered yields of these compounds. Without
- wishing to be bound hy theory, we believe that a
significant amount of tocotriesnols and tocotrienol-
like compounds are, in nature, bound to préteins or
linked to phosphate or phospholipid groups in the

15 membranes of biological sources. The significant
increase in recovered amounts of these compounds
realized by stabilization may be attributed to their
release from protein or cleavage of phosphate or
pyrophosphate moieties attached to the hydroxy group of

20 the benzene ring in the tocotriencl or the hydrogen
donor gfoup of the tocotrienol-like compound. The
application of heat and, optionally, pressure
advantageocusly releases the compounds of this invention
so that they may be recovered in good yield.

25 Preferably, a combination of heat and pressure are
used. Depending on the method of recovery used, the
compounds of this invention may be extracted together
with other components of the TRF. ¢

We have found that microwaving is

30 particularly effective to release membrane-bound T; and
Ty-like compounds. We have also found that the
following protocol maximizes the desired stabilization
results: An amount (typically from 1 g to 1 kg) of a
ground biclogical source (preferably rice or rice bran)

35 1is placed in a pyrex dish (typically, 10 ¢m ~ 20 cm in
diameter and 1.5 cm ~ 15 cm in height). The dish can



and specific biological activity. These conpounds elute after at |east

22 m nutes under the follow ng hi gh performance |iquid chromatogra
(HPLO) conditions: Porasil colum (Waters colum, 10[err], 4 mmx 15 30
cn) using an isocratic system of hexane and i sopropanol (99. 75% 0. 254,
v/v) at a flowrate of 1.3 m /mn. The conpound is detected at an
exitation wavel engt hsQf 295 nm and an enj ssi on\yavel ength of 330

(fluorescence detector) and UV absorption at 295 nm 20

above-defined elution profile, the novel tocatrienols and

tocotrienol -1i ke conpounds of

the ability to

gl utaryl coensyne A"reductase ("HMG CSA

inhibit the activity of Eﬁrr]-hydroxy-[err]-nethyl
efluotass"). 25

preferred class of conpounds of this invention is of formula I: [e

-19- salts, oxidatiqn pr ' dyct ras .Rf ,
wherein R err]- R[é%rf‘[' . #g%ﬁ%&éygﬁg%%%%gbggf%b%.&&ﬁg ﬁé‘?gi n
descri bed above, etaatabming i grenndobielagicalospurce ran de stacked

desnet hyl -t ocot ri gpéve (thet-fdira¥d’ owe-prefer using one covered dish at a

T

10

15

20

25

30

38

microwave oven at the maximunm level (preferably 600-
1500 watts) for 1-5 minute intervals, optionally in an
ambient, vacuum or nitrogen blanket environment.
Pressures of greater than 1 atmosphere may also
optionally be used. After each heating interval, the
sample should be stirred to homogeneity. The heating
and stirring process is repeated 1-10 times. We prefer
repeating the process 3-5 time for a 0.5 kg sample.

The TRF may then be extracted, as described herein.

_ The TRF may be used directly, or it may be
further separated in to ita component compounds. It
may be desired to ieolate the novel tecotrienols and
tocotrienocl-like compounds from the TRF mixture.

The TRF typically contains varying degrees of
each of the known tocotrienols, plus additional Tacol
products. Theoretically, each novel tocotrienol and
tocotriencl=-like compound should be separable from the

" known tocopherols and tocotriencls in the TRF using

standard silica gel HPLC methodology. However, in the
case of rice bran, a complex mixture results. This
resultant mixture contained 3,4-dihydro-2~-methyl-2-
(4,8,12-trimethyltrideca~3'(E),7'(E),11'=trienyl) ~2H-
1-benzopyran=6~-01), a known tocotrienol that eluted by
HPLC aftar about 21 minutes under the specified
conditions. For that reason, we rafer to this compound
as "Py,". 1In addition, the mixture contained 3,4~
dihydro-2~(4,8,12=-trimethyltrideca~3' (B}, 7'(E),11'
trienyl)-2H-1-benzopyran-6-ol), or "955“, a novel
tocotriencl that eluted by HPLC after about 25 minutes.
And the mixture contained an apparsnt sterol which had
a UV absorption maximum at 315 nm that eluted by HPLC

phy

this invention are also characterized by

The
rr]

nm

In addition to the



exclude [err] and [err]-tocotrienol. Typi cal hydrol ysis products
of the conpounds of fornmula I which are al so envisioned by this invention

i nclude, but are not limted to, conpounds of forrmula Il: [err]
wherein R err]-Rerr], Z n and mare as defined as above. Preferred
conpounds are the conmpounds of fornula I, wherein RL, R3 and Z are each

i ndependently H, hal ogen, woH, OCH err] or CHerr]; Rjis OH OCHerr] or

NH err]; Rlerr] is C=O, CHerr] or NH Rerr] is O S,.CHerr] or NH
Rlerr] is Hor CHerr]; Rerr] and Rllare each independently Hor CHerr];
nis O0or 1; and mis 3-10. The nost preferred conpounds are the
conpounds of formula I, wherein Rlerr], Rerr], Z Rerr] and Rerr] are
each hydrogen, Rlerr] s OH Rferr] is CI—'[ezfsr]‘, Rlerr] is CHerr] or O
Rlerr] is Hor CHerr], Rerr] i's Hor CH[err] nis1land mis 3.

[T TSRt 36 s o A gl (£,

of conpounds accorf@nrngtike faanarageq u sﬂmﬂesél ehigel BFBSund i s

shown bel ow. tachniques.

Accordingly, the present invention includes
5 novel techniques to purify tocotrienols and

tocotriencl-like compounds from contaminants that
cannot be removed using a silica column. These
techniques are especially well suited for separating
tocopherols and tocotrienol-like compounds from sterol

10 and other waxy contaminants. In one process, the TRF
is dissolved in an appropriate solvent, preferably
hexane, and then bound to an amine or cyano column (1
ml). We prefer to use a Bond Elute amineg or cyano
column. The tocotriencls and tocotrienol-like

15 compounds of this invention may then be selectively
eluted from the column by an appropriate solvent
system. Preferably, this solvent system is a gradient
of isopropanol ' in hexane. Using a small concentration
of the polar solvent in the non-polar solvent

20 (preferably about 0.5% isopropanol in hexane) known
tocotrienols and tocopherols may -be eluted, while the
novel tocotrienols and tocotriencl-like compounds of
this invention are retained on the amine column. Then,
by increasing the concentration of the more polar

25 sgolvent (prefarably to about 3% isopropancl in hexane),
the tocotriencls and tocotrienol-like compounds of this
invention may be selectively eluted, while any sterocl
and waxy contaminants remain bound to the amine column.
Finally, these contaminants may be eluted using a high

30 polarity solvent system, such as 6-10% isopropanol in

' hexane., Using this procedure, the desirable
tocotrienols and tocotrienol-like coméounds may be
effectively separated.
An alternative technigue also.increases the
35 recovered yiald of tocotrienols and tocotrienol~-like



- 20 - [err] Tocotri mol s and tocotrienol -1ike

conpounds of this invention having the above-defined structural
features are al so characterized by biological activity. 5 They are useful
in increasing feed conversion ef ficiency, decreasing Lp(a)
concentration in the bl ood or in the treatnent or prevention of one or
nore of the fol |l ow ngwdi seases or conditions: igunoragul atory

di sease, inflanmation, fever, edemm, diabetes nellitus, 10 cancer, signs of
agi ng, pain, rheunatoid diseases, septic shock, chronic fatigue
syndronme and functio | aesa. They may al so reduce the | evels of TNF,
IL-1 and IL-1 stimmlatory products including possibly IL-2, | L-6,
IL-8, GMCSF, prostaglandins and gamma i nfe®feron; 15 while |ncreasing
antlbody titers in response to foreign proteins. By virtue of these

Super oxi de akﬁeifﬁ%rpﬁéﬁ%% U¥idfidadag doleffr) B RAAE | 10O IP0C ©
basophi | s, nmonocy® %%rmﬁvsopmeewag@ bl&ésgﬁ%h#@r%raﬂﬂbﬂ-%RBd
Iynphocytes and or unstabilized, is first extracted with methanol.

This step removes many of the unbound contaminants.

5 Then, heat and, optionally, pressure, are applied to
the biological source to release the tocotrienols and
tocotrienol-like compounds. Examples of heat sources
include, but are not limited to radiant heat sources
(i.e., visible light or radicactive materials),

10 convectional heat sources, microwaves, radio-
frequency, friction or shearing. The preferred heat
source 1s microwave heat. Alternatively, freeze/thaw
methods or mechanical grinding might also he employed
before, during or after heat and/or pressure treatment.

15 Alternatively, the tocotrienols and tocotrienol-like
compounds may be released by the use of caustic agents,
for example, acids, such as hydrochloric or sulfuric
acid. According to an alternate embodiment, sonication
or detergent treatment may be employed prior to,

20 concurrently with, or following the heat, pressure or
caustic agent treatment. Experiments using the
techniques described herein that employ various
combinations of heat, pressure and reaction conditions
will readily indicate the preferred conditions for a

¢5 given biological source.

In purified form, one of the preferred
compounds of the present invention, P,5, exhibits
greater biolegical activity as a cholesterol-lowering
agent than any of the known tocotriencls: including

30 P,y (known also as "tocotrienol"), a=-T;, B8-T3, y=T3 oOr
§-T3. We believe that the double bonds on the
isoprencid side chain comprise the active portion of
these compounds because their presence decreases the
effect of London forces between the lipid side chain in

38 bpiological membranes. We also helieve that the number




pol yrmor phonucl ear | eukocytes, endothelial tissue and ot her

I mmunor egul atory tissues. These conpounds nay al so effect an increase in
anti body titers. ' HMG CoA reduct ase catal yzes the rate- 25
limting stop of chol esterol biosynthesis. Therefore, a reduction’in its
activity decreases the total anount of cholesterol in the serum of

ani mal s and hunans aloge, or in conbination with low tat, |ow

chol esterol diet. The effects are npbst noticeable in 30
hyper chol esterol emi ¢ individuals with poor dietary

-21- regi mens. Typically, the tocotrienols and tocatrienol - i ke
conpounds of this invention reduce the activity of HVG- CoA reduct ase by
at | east about 15%in the in vitro - ass&8Y deseribed in Shapiro (supra),

at a concentration 5 of 10-20 [err]g/nl. Mre preferably, homEver, t he
?DNE'E Cg'rA\ef era[)FSugégig%&C%%k °InS°£e&%%q'kg‘xvﬁﬁégﬁ%ie’%%g%nsﬂ?oagg bound
by theory, we aronatic ningt systen gind tbeadsopréncidrmidey chadn make

anti oxi di zi ng andg i g{peEratitial 2hOthe BLRNVGECEE Abtivity -- tHeOkewerol and
tocotrienol i ke SRIMGHAGE o8 d1kyT hibstituShed] 4l Geutdl bhe' "

5 activity. We believe that reducing the steric
hindrance caused by the methyl groupe allows P,g to
penetrate more deeply into the membrane. Accordingly,
the membrane may become more highly organized and thus,
less permeable. Under this hypothesis, the compounds

10 of this invention which substitute hydrogen for methyl
at the 2-position of the chromanol ring demonstrate
increased biological aétivity. However, alterations at
that and other positions are also envisioned, as
several different mechanisms which result in increased

15 biological activity may ba involved.

-+ Because of their ability to lower total serum
cholesterol and low density lipoprotein-cholesterol and
increase the HDL~/IDL=-cholesterol ratio, the novel
tocotrienols and tocotriencl-like compounds of this

20 invention may be used in the prevention and treatment
of diseases associlated with high levels of cholesterol,

Advantageously, the compounds of this
invention do not substantially alter the serum lavels
of other blood componants that contribute to the

35 biodagradation of cholesterol. For example, the
compounds of this invention do not substantially reduce
the activity of chalesterol 7a-hydroxylase -- the
enzyme that is responsible for degradation of
cholesterol into bile acids.

<1 Examples of disesases associated with high
levels of cholasterol that may be treated by the
compounds of this invention include, but are not
limited to, atherosclercsis, thrombosis, coronary
artery disease and other forms of cardiovascular

35 disease. In addition, the ability of the compounds of



believe that the inhibition in the 15 production of

aci d. e

arachidonic acid is caused by either the I nhi bition of phonpholi pane
Alerr] or alternatively, by i ncreasing the anmount of corticosterone

| evel in the bl ood. Phosphol i pase Alerr] cleaves at c-2 of phosphate
head group, resulting in the rel ease of free 20 arachi donic acid.

Arachi donic acid can themgpe converted into a yapiety of biologically
| mport ant nol ecul es, such as the prostagl andi ns and t hronboxanes

(via the cycl ooxygenane pat hway) and the | eukotrienes (via the

| i poxygenase pathway). W believe that the 25 hydrogen donor group of the
tocotrienol and tocotrienol -1ike conpou %F bonds with the phosphate or

phosphol i pi d groups of -bi ol ogi cal nenbrane

conjunction with the

aromatic systen1it al so plays a role in radlcal scavengi ng. The

I soprenoid tail
weak bonds with the

?| Di dé"éig’"sttﬁbb-bﬁf WEB&E Ievéﬁﬁda&l y by form ng

al ns

JsaPtlonal
repl aci ng the tocdnFrease #ﬁﬁl%?ﬁ“&ﬁ?hpﬁﬂ4ﬂﬁti°n §Gb§¥?$d% ketic®-as, for

exanpl e,

hydr ogen) at

Pomie icopdunids tdEE mirsomvehtiamgnaw\mmbebabl eto

35 maximze the stabhl {5311 the' BEIE Y P13=nk€186L16 VS several

5 other blood constituents, For example, these compounds
lower the plasma levels of thromboxane A, and platelet
factor 4. In addition, they may serve paasively as
simple antioxidants or actively by decreasing the
release of superoxides by neutrophils and other

10 cytotoxins or cytokines, mast cells, macrophages,
endothelial tissue and other immunoregulatory tissues.
Antioxidation is accomplished in at least two ways.

-22-

First,

by reducing arachidonic acid metabolites, the

neutrophils raduce the lavels of superoxide production.

15 8Second,

these compounds scavenge radicals which are

already present. Accordingly, they exert a protective

effect

on the endothelium, lipoproteins, smooth muscle

cells and platelets. In addition, these compounds may
also serve as antioxidants to prolong the shelf lives

20 of products prone £o oxidation, such as f£ood products.
Advantageously, the tocotrienocls and tocotrienol-like
compounds of this invention may also prevent oxidative
degradation of food products which results in the
formation of carcinogenic compounds in such food

25 products.

The thromboxanes (whose plasma levels are

decreased using the compounds of this invention) also

induce

platelet aggregation and vasoconstriction:.

Therefore, the tocotriencls and tocotrienol-like

30 compounds of this invention may be used to reduce blood
clotting in a wide variety of applications. For
exanple, these compounds may be used to treat or
prevent diseases, such as thrombotic diseases,
cardiovascular diseases, hypertension, pulmonary

35 diseases and renal diseases. Specifically, the



that the aromatic systemmay also aid in tightening the surface of the
menbrane, thus increasing the steric hi ndrance for phosphol i pase Al err]
and phosphol i pase C and decreasing its perneability. The aronmatic
systemmay 5 also serve electron-transport and anti oxi di sing

functions. Such a hypothesis would contribute to the expl anation of the
broad spectrum of bi ol ogi,cal functions that are effected by the

adm ni stration of the tocotrienols and tocotrienol-like conmpounds 10
according to this invention. This invention al so includes
several novel uses for known tocotrienols, as well as tocotrienols

and tocotrienol conpounds as described herein. Exanpl es include their
use as antiinflammtory, 15 antiatherogeﬂbe and- i munor egul atory agents,
fof the treatnment of fever, edemm, diabetes nellitus, cancer, si gns
of aging, pain, septic shock, chronlc fatigue Sy ndrome and functic

laesa. In additiofompernsls jof &his -"-m'%ﬁﬁf-%é‘éi’rbérfb“‘# %o PE&NﬁBEnﬁE Are
useful for 20 inceeeersw Blood clotsrandriezibnei which -mayr eausei ng in

conversion of a gafg%gﬁagxﬁuain §¥5%aéé¥¥i &Rkﬁréﬁﬁg okerather t han fat

-- and decreasing concen mﬁ tocotrienols
exhibit much of tB® m°na§3hﬁﬂbﬁi FBngﬂﬂPz¥9§ﬂvFF§°ERQ§%ﬁ@uP@H ipherat novel 25

tocotrienols agd apt&tidr vdcluslion cand othds blobdi system thyremboses. For

| Kk t tri | d
CDL thol esterol oo apoti 5o8PErERRLE Gng. sefbekfeL A anpotadd’ O1C
triglycerides andagemcambnqhvznaqiﬁgmt B8 antiame,rmnép puentS Ly
reduct ase. They aiﬁﬁ&ﬁi%ﬁﬂaeokhfe#éﬁﬁiﬁb‘ﬂhe oxidktogitf delrbr and ppssibly

IL-2 and gammua interfer iJicreasi ng_anti.b ters R response

to foreign pr oPEPYRE é%qﬁ XBﬁﬁPtﬁflﬁﬁ?sthéEe ?%%?5#3ﬂﬁﬂylﬁiﬁ
vari ety of adifintdamagas.anFheooyiditasd cﬂyrmabfrb&iult'@x-whi"m&adﬁng a

decrease in the rﬂé%%ﬁboﬁﬂﬁerﬁfiﬁﬁ ¥mation of atheroma. Such
formation commonly results in a narrowing of the
arteries by atherosis plaques. While not wishing to be
bound by theory, we balieve that by reducing serum LDL

15 levels, tocotrienols and tocotrienol-like compounds
enhance the rate of metabolic LDL turnover and
therefore, decreaée the expozure of LDL to oxidative
agantsa,

Tocotriencls and tecotriencl-like compounds
20 also decrease the concentration of lipoprotein (a) in
the blood. It has been well established that elevated
concentrations of Lp(a) are correlated with early onset
and progression of atherosclerosis, premature
myocardial ischemia and rheumatoid arthritis. In fact,
25 Lp{a) concentration is a more accurate indicator of
coronary heart disease than LDL concentration.
Lowering Lp(a) concentrations in individuals having
high Lp(a) levels (above about 20 mg/dl) drastically
- reduces the probability of atherosclerosis and coronary'
30 heart disease. Significantly, Lp(a) levels, unlike LDL
concentration, are not affected by low-fat diets or
comnercial available hypocholesteroleﬁic agents.
Tocotrienols and tocotrienol-like compounds
also exhibit diuretice¢ activity -- they are antagonistic
35 to vasopressin and angiotensin II. Accordingly, these



- 23- ot her cytotaxins produced by i nmmnoregul atory cells and an

I ncrease in antibody titers. Tocotrienols and
tocotrienol -1i ke conpounds according to this invention are preferably
recovered 5 fromstabilized biological sources. Alternatively,
tocotrienols and tocotrienol -1ike conmpounds may be recovered from

bi ol ogi cal sources subjected to conventional food processing or
preparation techniques. “~ The stabilization proces$, however, greatly

i ncreases 10 the recovered yields of these conpounds. Wt hout wi shi ng
to be bound by theory, we believe that a si gni ficant amount of
tocotrienols and tocotrionol - | i ke conpounds are, i'n nature, bound to
proteins or’ | i nked_to phosphate or phosgghalipid groups in the 15

menbr anes of biol ogi cal sources. The significant i ncrease in recovered
anounts of these conpounds realized by stabilization may be attri buted
to their rel empbnnds mm giseful thectheireatnphbsandnanggemnent,

pyrophosphat e noi gighe ﬁﬁ ggeeﬁgggﬂmy group of 20 the benzene ring
in the tocotrlanol or t r f the trienol-Ilike
compound. The appllcatlng 1H§éF a™P Gﬂﬁﬁﬁiv nhr %é;¥§i§
advant ageousl y relinventiohge tomgbrietiel obr ttocotriennlrbike compoundat t hey
may be recovergd in3y0R@0adhfA{ktered pre-operatively to a patient in
| order to prevent septic shock. Advantageously,
tocotrienols and tocotriencl~like compounds may be used
in the treatment of extracorporeal blood. As used
herein, the term "extracorporeal blood" includes blood
10 removed in line from a patent subjected to
extracorporeal treatment, and returned to the patient
in processes such as dialysis, or blood filtration or
bypass timing surgery. And the term includes blood
products which are stored extracorporeally for eventual
15 administration to a patient. Such products include
whole blood, platelet concentrates and.any other blood
fraction in which inhibition of platelet aggregation is
desired. : _
According to another embodiment of this
20 invention, tocotrienols and tocotrienol-like compounds
may be formulated in compositions and methods for
coating the surface of invasive devices, to lower the
risk of platelet aggregation ~- for example, the
surfaces of devices such as, vascular grafts, stents,
25 catheters and artificial valves. sSuch devices may be
coated with the tococtriencls and tocotriencl-like
compounds using conventional methodologies including
physical adsorption and chemical cross-linking.
Furthermore, we have found that the
30 tocotriencls and tocotrienocl-like compounds of this
invention, the known tocotrienols, and mixtures thereof
also reduce the levals of tumor necrosis factor in
response to lipopolysaccharide stimulation, lower
arachidonic acid in the tissues and reduce oxygen
35 metabolites in the blood of animals and humans. These



25 Preferably, a conmbination of heat and pressure are used. Dependi ng
on the nethod of recovery used, the conpounds of this invention nay be
extracted toget her wi th ot her conponents of the TRF. e
have found that mcrowaving is 30 particularly effective to rel ease
menbr ane- bound T[err] and T[err]-1ike conmpounds. W have al so found
that the foll ow ng protocol maxim zes the desired stabilization
results: An anount (typftélly froml gto 1l kg) of "a ground bi ol ogi cal
source (preferably rice or rice bran) 35 is placed in a pyrex dish
(typically, 10 cm- 20 cmin dianeter and 1.5 cm- 15 cmin height).
The di sh can - 24- be
covered or uncovered and optionally, a see@id=~dish contai ning a ground
bi 6l ogi cal source can be stacked above the first. W prefer using one
covered dish at a tinme. The biological_ source s then heated in a 5
ni crowave oven at TeABlEEPOink tevan p¥erall yeduatden in PRORKRIAFNALINS: o

l%l_ 5 fkn hute intervang, J.&Gkg@f!f&ddé,i Bofen of wiieh ﬁ&h syRthesized rr’a:bmogeln
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stirred to honpgedsteyleukin+ioat Aggordingly, the compounds of this

§ invention may be employed for a variety of uses. For

example, they may be used to prevent endothelial
injury, such as ischemic and reperfused myocardium and
ulcers. 1In addition; the inhibition of tumor necrosis
factor biosynthesis would alsc be accompanied by a

10 decrease in inflammation ~-- i.e., through inhibiting
the respiratory bursts of neutrophils or through free
radical scavenging. Therefore, the compounds of this
invention and the Xnown tocotrienols are also useful as
antiinflammatory agents for the prevention and

15 treatment of a wide variety of diseases and conditions
involving nminor, acute and chronic¢ inflammation. These
include, but are not limited to, fever, rheumatoid
diseases, pain, funetio laesa, hypertension and edema.

In-addition to their role in inflammatory

20 response, prostaglandins have also been shown to
inhibit glucose~induced insulin release, increase
glucose concentration and stimulate glucagon secretion.
Consequently, use of the compounds of this invention
typically leads to an increased insulin to glucagon

25 ratio. Therefore, the novel tocotrienols and
tocotrienol~like compounds of this invention, the known
tocaotrienols, and mixtures thereof, may be used to
improve glucose intclerance in diabetes mellitus. They
may also be used to restore acute glucose-induced

30 insulin response in non-insulin-dependent diabetes
mallitus.

In addition to the above-stated uses, the
tocotrienols and tocotriencl~like compounds of this
invention, the known tocotrienols, and mixtures

35 thereof, may also be used to enhance the immune



and stirring process is repeated 1-10 tinmes. W prefer repeating the
process 3-5 tine for a 0.5 kg sanpl e. The TRF may then be extracted, as
descri bed herein. The TRF. nay be used directly, or it may be
15 further separated in to its conponent conpounds. It ay be desired to
I sol ate the novel tocotrienols and tocotrienol -1i ke conpounds fromthe
TRF m xture. ‘_/The TRF typically contakg? varyi ng degrees of
each of the known tocotrienols, plus additional Tocol 20 products.
Theoretically, each novel tocotrienol and tocotrienol -1i ke conmpound
shoul d be separable fromthe known t ocopherols and tocotrienols in the
TRF using standard silica gel HPLC nethodol ogy. However, in the

case of rice bran, a conplex m xture reswel 88.~This 25 resultant m xture
cont ai ned 3, 4-di hydr o- 2- net hyl - 2- (4,s,12-trinethyltrideoa-3' (E) ,7' (E)
, 11" -trienyl)-2H | - benzopyran-6-01), a known tocotrimol that eluted
by HPLC af t er F&ERANSE A0 g%’s’lﬁﬂ!’e upgRs. HcTHeRe FORPONRRR i t i ons. For

that reason, we rehEicsdllyt Feducentie rhodit of £atiy radids in addition, the

i xt t ai - Jdiclyvdr 0 2- , i et Nl L '
7 (B 1o A T b tagquC kIkEhE O dihdd Jarky! ARd idve1d aReer (e
tocotrienol that Hminsy syptem, cthe (eonpenade of thigdawention MaY ne ni xture

contai ned an agpaddiie WeCifhunbiedulstbras aThbdy alan’ Foroaxanple) et 315 nm
that eluted by **ﬂéia to increase antibody titers to foreign proteins.
In addition, the reductions in fatty acid,

cholesterol, triglyceride and glucose levels effected
by the compounds of this invention are ohtained without

10 attendant substantial weight loss., The result is an
increased feed to protein conversion ratio. Therefore,
the novel tocotrienols and tocotrienol~like compounds
of this invention, the known tocotrienols, and mixtures
therecf, are useful in inecreasing feed conversion

15 efficiency. .

“ Hypercholesterolemic diseases and conditions
that may be treated using the compositions and mixtures
described herein include, but are not limited to,
arteriosclerosis, atherosclerosis, xanthomatosis,

20 hyperlipoproteinemias, and familial hypercholestero=-
lenmia, '

Thrombotic diseasas and conditions that may
be treated using such compositions include, but are not
limited to, pulmonary disease, in general (such as

25 reduced specific conductance, reduced dynamic
compliance and constriction (contraction of smooth
muscle), excess pulmonary fluids (such as pulmonary
lymph, foam, or bronchoalveolar lavage), adult
respiratory distress syndrome, astatis and rhinitic

30 dJdiseasa (such as pulmonary and systemic hypertension,

~ pulmonary edema, fluid accumulation (neutrophil
infiltration) and pulmonary vascular ﬁérmeability),
pulmonary vagoconstriction (associated, for example,
with endotoxemia, gram-negative organisms, anaphylaxis,

35 hemorrhagic shock or allergy to ragweed), cardiac
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caused by artarioscleros;s, Maurice Raynaud's

syndrome -=- vasoconstriction, remal artery stenosis,
myocardial infarction, stroke, pulmonary embolism, deep
vein thrombosis, peripheral arterial occlusion and
other khlood system thromboses.

Antioxidizing uses include, but are not
limited: to, the treatment and prevention of endothelial
injury,’ such as ischemic and reperfused myocardium.
Because! of their antioxidizing activity, the
tocotriencls and tocotrienol-like compounds of this
invention may also be used in treating and preventing
cancercus conditions (by, for example, preventing
cancer-causing mutations in the genetic material of an
animal or a human).

Antiatherogenic diseases and conditions that
may be treated using such compositions include, but are
not limited to, arteriosclerosis, atherosclerosis,
mydocardial infarction, ischemia (i.e., myocardial
ischenica, brain ischemia and renal ischemia) and
strokes. .

Inflammatory diseases and conditions that may
be treated using such compositions include, but are not
limited to, essential hypertension, hypertension of
congestive heart failure, renal dysfunction caused by
reduced myocardia output, endotoxemia, chreonic liver
disease or hypertension, pulmonary inflammation in

d%géﬁac giéﬁﬁﬂavl%QOLétéiEhi‘H&Qﬂhssno' like



An alternative technique al so increases the 35 recover ed yi el d of

tocotrienols and tocotrionol -1ike

- 26- conmpounds from a bi ol ogi cal source. In this alternative
procedure, a biological source, stabilized or unstabilized, is first
extracted with nethanol. . this step renoves many of the unbound

contam nants. 5 Then, heat and, optionally, pressuge, are applied to

t he bi ol ogi cal source to rel ease the tocotrienols and tocotrienol -1ike
conpounds. Exanpl es of heat sources i nclude, but are not limted to
radi ant heat sources (i.e., visible Iight or radioactive materials), 10
convectional heat sources, mcrowaves, radi frequency, friction or
shearing. The preferred heat source 1 s~ cronave heat . Al ternatively,
freezel/t haw met hods or nechani cal grinding m ght also be enpl oyed

?ﬁf O[e flurl ngI Oraé’%ﬁn{ﬁ, m;%camléi.le[ ﬁ{eﬁwa& 6feé%dﬁ§1t1un§51ﬁh?ﬁfmaé I \éel ty,h
(he tocotrl enol s Seabi digheled fuen an  BRBCHKTRECRE L8580 DY (e
sul furic acidsydtnmﬁaﬁlngusoczwthématnsask,enntthmuaﬂp:ySbﬂweht|on or
detergent treat Megfsdiie tt%u%ﬁpéeyﬁﬁ-éifdﬁbet 801 £Pis)CoNeHikRBLEYDEWED, OF
follow ng the heat ressure
5 disease (such as villous adenona) , gastrointestinal
disorders caused by excess acids, pepsin or bile salts,
Zollinger-Ellison syndrome, skin diseases or trauma
(such as burns or acid or caustic injury), gout,
Bartter's syndrome, fever, rheumatoid diseases, pain,
.10 functio lassa, hypertension and edema.
Immunoregulatory diseases and diseasesz that
may be treated using the compositions of this invention
include, but are not limited to, chronic fatigue
syndrome, graft rejections, autoimmune diseases, such
15 as AID8, and other viral diseases that weaken the
immune system.
The compounds and mixtures described herein
are useful in pharmaceutical compositions, foodstuffs
and dietary supplements. Advantageously, these
20 products are hypocholesterolemic, antithrombotic,
antioxidizing, antiatherogenic, antiinflammatory and
immunoregulatory agents.
Pharmaceutical compositions may take the form
of tablets, capsules, emulsions, suspensions and
25 powders for oral administration, sterile solutions or
emulzions for parenteral administration, sterile
solutions for intravenous administration and gels,
lotions and cremes for topical application. The.
pharmaceutical compositions may be administered to
30 humans and animals in & safe and pharmaceutically
effective anount to elicit any of the desired results
indicated for the compounds and mixtures described
herein. |
Thie invention alsc relates to prodrug forms
35 of tocotriencl and tocotriencl-like campounds which,



caustic agent treatnent. Experinents using the t echni ques descri bed

herein that enploy various conbi nati ons of heat, pressure and reaction
condi tions will readily indicate the preferred conditions for a 25

gi ven bi ol ogi cal source. In purified form one of the
preferred conpounds of the present invention, P[err], exhibits

greater biological activity as a chol esterol -1l oweri{pg agent than any of
t he known tocotrienols: including 30 Plerr] (known also as "tocotrienol")
[err]-T[err], [err]-T[err], [err]-T[err] or [err]. W believe that the
doubl e bonds on the | soprenoid side chain conprise the active portion
of t hese conpounds because their presence decreases the ef fect of

London forces between the |ipid side chai®h 3% ~35- bi ol ogi cal nenbranes. W
al so believe that the nunber -

27 - and the position pof t al kyl _substitue n.the “aromatic
ring systemand t °Fsﬁﬁ¥£ﬂ&ﬁ§f4gi&@'Eﬁafrp$ﬁﬂ5§£' uké@ﬁ??ference in the

bi ol ogi cal acti vi iyietransatormatdon intohactivediorst al kyl substituents, the
greater the 5 activity. VpQeldnavablatidfld ompesibtoss aif ®his hi ndrance

d by th t hyl | Plerr].t d ly int
caused by the met iyl ok 000 A1Q1S, bEhbh1AS o praPSRELEEIGTY © decply Into

% effective amount of a tocotriencl or tocotrienol-like
compound of this invention, or a mixture thereof, and a
pharmaceutically acceptable carrier. Such carriers may
be solid or liquid, such as, for example, cornstarch,
lactose, sucrose, olive oil or sesame oil. If a solid

10 carrier is used, the dosage forms may be tablets,
capsules or lozenges. Liquid dosage forms include soft
gelatin capsules, syrup or liguid suspension.

Therapeutic and prophylactic methods of this
invention comprise the step of treating patients in a

15 pharmaceutically acceptable mannar with the
compositions and mixtures described herein. As used in
this application, the term "pharmaceutically effective
amount® or "cheolesterol-lowering amount™ refers to an
amount effective to lower blood levels of LDL-

20" cholesterol and total serum cholesterol, while _
increasing the ratio of HDL-cholesterol to LDL~
cholesterol in the blood. Alternatively, the term
vpharmaceutically effective amount! refers to an amount
effective to decrease blood levels of LDL~-cholestercl

25 and total serum cholesterol associated with
hypercholesterolemia, an amount effective for
lipogenesis, an amount effective to inhibit platelet
aggregation, an amount effective to decrease the
ralease of superoxides by human peripheral blood

30 neutreophils, an amount effective to reduce the level of
tumor necrosis factor or interleukin-l, an amount
effective to reduce the level of arachadonic acid, an
amount effective to increase antibody titers in the
blood, an amount effective for antithrombotic uses, an

35 amount effective to treat, prevent or delay the onsat
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t he nenbrane ay becone nore highly organi zed and t hus, | ess perneabl e.
Under this hypothesis, the conpounds 10 of this invention which substitute
hydr ogen for nethyl at the 2-position of the chromanol ring denonstrate
i ncreased biol ogical activity. However, alterations at t hat and ot her
positions are al so envisioned, as several different mechani snms which
result in increased 15 biglogical activity may be Jnpvol ved.

Because of their ability to | ower total serum chol esterol and | ow
density |i poprotein-chol esterol and i ncrease the EDL-/LDL-chol esterol
rati o, the novel tocotrienols and tocotrienol -1ike conpounds of this 20
I nvention may be used in the prevention and treatnent of di seases
associated with high | evel s of chol esterol". 36 : Advant ageousl vy,

t he conpounds of this |nvent|on do not substantially alter the serum

| evel s of other b co o [ ] 0 Lb
bi odegr adati on of éﬁ +’g£t°é} %I° éo %f‘é'% P%éaaé'éf Jﬁpc%%ﬁ&ﬁio?st hi s
i nvention do not sunsluﬁthﬂunilﬂuumtary disepses st innunoXegudASPEY! er ol

7[err]-hydroxyl aseatgeddiss favaezya@eﬁmataihseteﬁp‘mﬂu%,f eandeg) adati on of
chol esterol into bile aci dlse?sgs aSSOCIated

%ggles
with high | evePAINY 39&?9&r5?1?¢uﬂspﬁﬁ§
conpounds of thfs syndranieoandnfundelio daesa;conoan amountnsféectgye to

at her oscl erosis, t koM %hecebﬂaé’ﬁ%:atm asfef,ﬁy(gl SR tRe2Rlooa NG dr N Of

cardi’ovascul ar 35 disease. I n_addition of the conpounds of
nerease feed converszon a%ffbie P

The pharmaceutical conpositiona of this
invention may be employed in a conventional manner for
1¢ the treatmant and prevention of any of the
aforementioned diseamzes and conditions. Such methods
of treatment and prophylaxis and their dosage levels
and requirements are well-recognized in the art and nay
be chosen by those of ordinary skill in the art from
15 the available methods and technigues. Dosage ranges
may be from about 1 to about 1000 mg/day. However,
lower or higher dosages may be employed. Specific
dosage and treatment regimens will depend upon factors
such as the patient's health statué, the severity and
20 course of the patient's disease or disposition thereto
and the judgment of the treating physician.
Tocotriaenocls and tocotriencl-like compounds
and mixtures thereof may also be used in combination
with conventional therapeutics used in the treatment or
25 prophylaxis of any of the aforementioned diseases.
Such combination therapies advantageously utilize lower
dosages of those conventional therapeutics, thus
avoiding possible toxicity incurred when those agents
are used as monotheraples. For example, tocotrienocls
30 or tocotrisnol=-like compounds may be used in
combination with bile acid meguestrants, such as
Cholestyramine and colestipol; fibric acid derivatives,
such as, Clofibrate, Gamfibrozil, Bezafibrate,
Fenofibrate, and Ciprofibrate; HMGR inhibitors, such as
35 Lovastatin, Mevastatin, Pravastatin, Simvastatin and
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-28 - this invention to | ower serum glucose | evels may I ncrease
the insulin production in Type 2 diabetics. The conpounds of
this invention nmay al so be used to alter the serumor plasna |evels of
several 5 other blood constituents. For exanple, these conpounds | ower
the plasma | evel s of throuboxane Alerr] and platel et factor 4. In
addition, they may serve Rassively as si npl e antJrsoxi dants or actively
by decreasing the rel ease of superoxides by neutrophils and other 10
cytotoxins or cytokines, nmast cells, macrophages, endot helial tissue
and ot her imunoregul atory tissues. Anti oxidation is acconplished in at
| east two ways. First, by reducing arachi donic acid netabolites, the
neutrophils reduce the 1evels of superoxi 8e*broduction. 15 Second, these
conmpounds scavenge radi cals which are al ready present. Accordingly,

t hey exert a prot t u I flds, smooth
rrus%:ll e celol S g'ﬁic}l \él‘%at el'eﬁ'éﬁfée gg' QStEE{iég ﬂﬁ.d %sogggmﬂ al so

serve as anti oxi dids GPG BﬂBFEF@)ﬂWﬁP §ﬁe|F‘?*VH%FQE}nléfﬁﬁﬁéducts prone to
oxi dation, such awiicadnBi2dURéid, Nicobinainidd e qidotinkiitdéaN<dxiidw)ol s and

tocotrienol -1ike n revent oxidative
degradati on of foo ﬁ%#géﬁ*}&%h%guhégﬁ#f%e%iak‘ggngt|on of

car ci nogeni ¢ cdhpaarboxanidec NiMrthylsNigobinanigle, N-Ribosyl-2- The

t hronboxanes (whowrahaﬁaastmiwu-ue auﬁang-émmaunds of

Therefor e the t oE3aptbiahe Migedledy r.#a%?ﬂf%%ea RecBRpERARTS T L on
i nvention may be N@G@VFéﬂr@mﬂuﬂrﬂ!ﬂl@&lﬂemcIottlng in a wde variety of
applications., For In foodstuffs, tocotrienols and tocotrienol-
10 1like compounds, and mixtures thereof, may be used with
any biologically acceptable carrier to provide safe and
effective means of lowering blood levals of LDL-
cholesterol and total serum cholesterol, while
increasing the ratio of HDL-~cholesterol to LDL~
15 cholesterol in the blood. In addition, the foodstuffs
may be .used to inhibit platelet aggregation, to
decrease the release of superoxides by human peripheral
blood neutrophils, to reduce the levels of tumor
necrosis factor and interleukin-l, to increase antibody
20 titers in the blood, or to treat, prevent or delay the
onset of one or more of the following diseases or
conditiona: immnnorequlaﬁory disease, inflammation,
fever, edema, diabetes mellitus, cancer, signs of
aging, pain, rheumatoid diseases, septic shock, chronic
25 fatigue syndrome and functio laesa. Alternatively,
they may be used to decrease Lp(a) concentrations in
the blood or to increase feed convarsion efficiency.
Foodstuffs containing the tocotrienols and
tocotriencl-like compounds according to this invention,
30 and mixtures thereof, may e combined with any other
- foodstuff. For example, oils containing the compounds
of this invention may be used as cooKing oil, frying
o0il, or salad oil and may be used in any oil-based
food, such as margarine, maycnnaise or peanut bhutter.
35 Grain flour fortified with the compounds of this
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exanpl e, these conpounds nay be used to treat or prevent diseases, such
as thronbotic di seases, cardi ovascul ar di seases, hypertension, pul nonary
35 di seases and renal diseases. Specifically, the

- 29- conpounds of this invention may be used to prevent or

reverse blood clots and | esions which may cause di seases such as
myocardi al infarction, st™eke, pul monary enbol ivs#n deep vein

t hronbosi s, peripheral 5 arterial occlusion and other bl ood system

t hr onboses. Tocotrienols and tocotrienol -1ike conpounds

are al so capable of acting as antiatherogenic agents by I nhibiting or

reversing the oxidation of LDL and by gtsctjng vascul ar tissue in
general from oxidative 10 damages. The oxidated form of LDL ("OX-LDL") is
a maj or component in the formation of atheroma. Such formation
comonl y resul ts iinventdonowagobefusd® in foodktuffs, Huchl Rer baked pl aques.

Wil e not w shing égocto%c ceregi gpg%(ﬁ{@%dygo sbeldxé\éecgn@hg%n&edum ng

serum LDL 15 | evel otrienof conmpounds

enhance the rate ctoqRiTiesolEs and tegofsienoiniike compousds eander case t he |

exposure of LDL tcemiisiFiedcand used in a variety of water-based
§ foodstuffs, such as drinks, including drink mixes.
Advantageously, such foodstuffs may be included in low
fat, low cholestercl or otherwise restricted dietary
 regimens.
The pharmaceutiéal conpositions and
10 foodstuffs of this invention may be administered to
humans and animals such as, for example, livestock and
poultry. Once an animal has ingested or otherwise been
administered a tocotrienol or tocotrienol-like
compound, or a mixture thersof, it advantageously
15 retains the hypercholesterolemic, antithrombotic,
antioxidizing, antiinflammatery, antliatherogenic,
immunoregqulatory and other advantageous biological
activities of the administered compounds. Therefore,
such an animal, or any product derived therefrom, such
20 as, for example, milk, may be consumed by a human or
another animal to derive the benefits of the
tocotrienols and tocotrienol-like compounds. For
example, a chicken which ingests a grain or meal
fortified with the compounds of this invention may
25 later be eaten by a human to derive the cholesgterol-
reducing benefits. |
In addition, the administration of
tocotriencls or tocotrienocl-like compounds to animals
results in an increase in feed conversion efficiency.
30 In higher fat content animals, such as cattle, swine,
sheep and lamb, tocotrienscls or tocotrienol-like
conmpounds advantageously lead to faster growth, lower
cholesterol content, and higher percentage lean meat.
¥When administered to fowl, tocotrienols and :
35 tocotrienol-like compounds result in production of eggs
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agents. Tocotrienols and tocotrienol -1ike conpounds 20 al so
decrease the concentration of l|ipoprotein (a) in the blood. It has been
wel | established that el evated concentrations of Lp(a) are correl ated
with early onset and progression of atheroaclerosis, premature
nyocardi al ischem a and rheumatoid arthritis. In fact, 25 Lp(a)
concentration is a nore aggurate indicator of eQronary heart disease
than LDL concentrati on, Lowering Lp(a) concentrations in individuals
havi ng hi gh Lp(a) |evels (above about 20 ng/dl) drastically reduces
the probability of atherosclerosis and coronary 30 heart disease.
Significantly, Lp(a) levels, unlike LDL concentration are not affected
by Jowfat diets or - comerci al avail aBl ¥® Rypochol est erol em ¢ agents.
Tocotrienols and tocotrienol -1ike conpounds al so exhibit diuretic

activity - they ag,quageRld iy ridudla' BREPAARYdL 3BHcandl of pln |-

Accordi ngly, these . _ - 30-
conpounds are usef¥lk andhhighen pratein,gontentofcthe e99 vhite,anple, of

hypert ensi on. In order that this invention be more fully
understood, the following examples are set forth.

E These examples are for purposes of illustration only,
and are not to be construed as limiting the acope of
the invention in any way.

In these examples, mass spectra data was
acguired using Model MS5-%02 manufactured by and

10 obtainable from Associate Electrical Industries, lLtd.
(Department of Chemistry, University of Wisconsin,
Madison). Samples were introduced directly intao the
ion source on a glass probe at 100°C. The potential of
the ionizing electrical beam was 70 e,v. NMR in CDCl,

15 were obtained using NMR-500 by BiuKr, FDR at room
temperature. IR was done as thin f£ilm using a Perkin
Elper instrument. Centrifugation was done in an
Eppendorf Centrifuge (model 1240). Microwaving was
done in a Whirlpool housshold oven (Model No.

20 MTE501XW~0 operating at 800 watts. HPLC was done using
a Waters pump 6000A or a Gilson pump 307, a Shimadzu
fluorescence detector RF-535 and integrator CR3A, a
Gilson's autoinjector, Perkin Elmer 50A UV detector or
a shimadzu SPD-10 AV UV-VIS spectrum photometric

25 detactor and a Kipp and Zonen BD41l recorder. Unless
otherwise indicated, the following HPLC conditions were
employed: 20 al injections, Porasil column (Waters
column, 104, 4 mm X 30 cn) using an isocratic system of
hexane and isopropanol (99.75%:0.25%, v/v) at a flow

30 rate of 1.3 ml/min. Detection was done at an exitation
wavalength of 295 nm and an emission wavelength of 330
mm (fluorescence detector) and UV absorptien at 295 nm.

All assays conducted on chicken or swine '
serun were done following the protocols described in

35 A.A. Qureshi et al., "Lowering Of Sarum Cholesterol In



Accordi ng to another enbodi nent of this I nvention, tocotrienol or
tocotrienol -1i ke conpounds 5 may be adm ni stered pre-operatively to a
patient in order to prevent septic shock. Advantageously,
tocotrienols and togotrienol -1ike conpounds rmay be used in the
treat ment of extracorporeal blood. As used herein, the term
“extracorporeal blood" iRrgludes blood 10 renoved iR_ine froma patent
subj ected to extracorporeal treatnment, and returned to the patient

i n processes such as dialysis, or blood filtration or bypass tim ng
surgery. And the termincludes bl ood products which are stored
extracorporeally for eventual 15 admnistration to a patient. such products
i ncl ude whol e bl ood, platelet concent T A%< and any ot her bl ood
fraction in which inhibition of platelet aggregation is desi red.

Accordi ng to another enbodi ngpnt_of .t hi [ ' hrienols and

tocotrienol -1ike 5@?&6@3&3"%"5%?“&@83%&2@4‘?&@’%&;&%@% tions and

met hods for coFalmyitae) s i i PPs, 1PBL8ARE t he

ri SE of platel let aagrs?.?atiﬂm-?niﬂat%aaﬁbfystme dont&!lf(:mimj Ry ceS:s )

such as, vascul ar Qr S, stunts a ers._ a i Ci e uc

devi ces may be P%@&F&&"mﬁaﬁc‘f#ﬁ&@o?rﬁen‘é‘r‘?’ d%'E: oééffig#]%#%thgf

conpounds Uusi N calersallsoand GultuntoFijreate ef Ruichodernpyiride on

adsorption and che§3ql yetapo1isddf Gwiner, g, 17Fupphesapr@gsag .have

found that the 30 tocotrienols an%.tocotrleégg;ﬁ%ke go ounds_of this

i nvention, the kn&ARSRScIPFY glugagop; ynd B Le¥elf; were WRasRred; o the

| evel s of tunor neming radboimmiricassay kiéteofram Ventrpspbaboratariesde

stinmul ation, Iovvermg. égagffém)'m,?ﬁgzg Eﬂutﬁ‘f‘oﬂd %ugg'aﬂqic.r eg&maoxygen 35
l'odd of _ani mal s and

nmetabolites in the [ umans. These
. 10 Mesa, California) and Genayme Corp. (Cambridge,

Massachusetts), respectively.

Example 1
The following protocol may be employed for
carrying out the stabilization of a biological source,
15 using rice bran as the sample.

'~ Rough rice (paddy rice) from a farm is driad
in a commercial-type continuous flow, non-mixing,
heated air dryer. Drying is carried out to lower the
moisture content of the rice from a level of between

20 about 18 and 22 percent to a level between about 10 and
13 percent. The dried rigce is then cleaned by removing
dust, stones, seeds and sticks by aspiration in a
commercial rice cleaning machine, followed by gravity
separation in a stoner and particle size separation in

25 a disk grader and a drum separator. The husks are then
removed using a rubber roller sheller. Paddy (husks or
hulls) are removed using a paddy separator. The 'raw
bran is then removed in a friction mill to yield
pelished rice. The raw bran is then pneumatically

30 conveyed either to the extruder or to storage until
stabilization. )

To carry out stabilization, the raw bran is
prneumatically conveyed to a filter/sifter to remove
residual broken rice. After gifting, the raw bran is



- 31 - results point to an overall reduction in prostaglandins

and | eukotrienes, both of which are synthesized from arachi doni ¢ aci d,
and a possible reduction in i nterleukin-1. Accordingly, the conpounds
of this 5 invention may be enpl oyed for a variety of uses. For

exanple, they nmay be used to prevent endotheli al . injury, such as

i schemi ¢ and reperfused ryocardi um and ul cers. (_n addition, the

i nhibition of tunor necrosis fact or bi osynthesis woul d al so be
acconpani ed by a 10 decrease in inflammtion -- i.e., through inhibiting
the respiratory bursts of neutrophils or through free radi cal
scavengi ng. Therefore, the conpounds of this - invention and the known
tocotrienols are al so useful as anti =nflkammatory agents for the’
prevention and 15 treatnent of a wide variety of diseases and conditions

I nvol vi ng ninor, acute n hroni c i Ianna on ude, but are
not linmted to, éiﬁ?&ﬁﬂtﬁ?ﬁveye 8a§é§‘n?}#7Fpﬁq}H8ibSpPﬁﬁsa

hypert ensi on and ﬁnhkﬁi The raw bran 15reandéyadotrQn)tﬂeeﬂnipbhngtnOf
inflammatory 20 regdoiang’ ﬁ:eﬁkaséa&fa %&thaae:aiﬁrw%ﬁvahwato

I nhi bit glucose-induc ILnsul n [ el eas I ncre $ g g oncentration
and stimulate gl u‘é‘g%ﬁﬁ? Oﬁmgle “&Fﬁ?eﬁﬁ‘ﬂ’ﬁ'f ar hy;& BETEREd FMMinds of
this-inventions conwa:alfleydheadsrhe) cperating csconititionsi oft thgl ucagon 25
ratio. Therefor Geliagiouth hefildirulairdfd staBNiFatiBACLn {4 cOTPOUNdS

of this invention
fol lowinq range:

flow rate: 900~2000 lbs/hr
pressure: 8§00~2000 PSI

10 temperature: 1359-210°C
time: 5-90 seconds.

The dry heat stabilized raw bran is then fed
directly into the feed hopper of an expander cocker.
Alternatively, the feed to the cooker may be raw bran

15 <that has been cooled with dry ice., Within the
extruder, the bran is cenveyed by a discontinuous wornm
shaft toward the discharge plate at a rate of around
341 lbs/hr. Water and steam are added through
injectfbn ports in tha barrel of the extruder at a rate

20 of around 38 lbs/hr to completely mix the material and
to raise the moisture level. The ambient temperature
is about 30°C, Plow of the material is controlled by a
discharge die plate at a rate of about 341 lbs/hr. The
feed material moisture level is maintained at about

25 11.4% and the temperature is held between about 50° and
135°C for between about 15 and 90 seconds. The
moisture level in the collet produced is about 14% at a
discharge temperature of 125°C.

As the bran is extruded through the die

30 plate, the sudden decrease in pressure causes the
ligquid water to vaporize. During cooking, enzymes ars
denatured and some constituents of the bran are
gelatinized into a fluid paste which binds the
particles together. A compact pellet is formed.

38 Vaporization of water causas breakage within the cells



tocotrienols, and m xtures thereof, may be used to

e S

| mprove gl ucose

I ntolerance in diabetes nellitus. They may al so be used to restore acute
gl ucose-induced 30 insulin response in non-insulin-dependent diabetes

mel I'itue. In addition to the above-stated uses, the
tocotrienols and tocotrienol-1ike conpounds of this I nvention, the known
tocotrienols, and m xtures™35 thereof, may al so be used to enhance the

i mune - 32- response in
ani mal s and hunmans. Thene conpounds typically reduce the anmount of
fatty acids in bi ol ogi cal tissues. Since fatty acid |levels affect the

i mmune system the conpounds of this inveniLiga ey 5 serve as

i munor egul ators. They may, for exanple, be used to increase antibody
titers to foreign proteins. In addition, the reductions in

fatty acid, choj el )0 lauited of o o 1@ntniligratciae geteollattbh oC Tk
oubstant i al vei ght iHsaurhiCh of lefdn RCLRES: WortHY nd BrbeELe] |
conversion rati o. Ttaiessotbe moisture eeontentoodtthe fyan sagabout 22-25
tocotrienol -1ike CE}¥eIES The extruder discharge is then sent
5 downstream at a rate of around 341 lbs/hr. to a
dryer/cooler. Moisture flow to the extruder is

maintained at about 96 1lbs/hr and the temperature is

Xept in the range of 82°C to 130¢C.

The discharge from

the dryer/cooler is maintained at a rate of about 341
10 lbs/hr and at a moisture level of about 8%. B8tabilized
rice bran is the result. These conditions also allow

for storage of the stabllized bran.

The stabilized bran is immersed in hexane in

a ratio by weight of about two to one.

Typically,

15 about 10-100 g of wmaterial can be extracted using this

protocol. The hexane is generally heated to about 60°C

using a steam table incorporated into an explesion
proof vented hood, but other seclvents and other
temperatures may also be employed.' The hexane/oil

20 miscella is removed from the bran by filtration. About
5-6 washings are necessary to bring the oil content of

the bran to less than one percent.

The defatted bran

and the hexane/oil miscella are both desolventized

under gentle heating with stean.

a5 If 100~-500 lbs. of stabilized bran is to ke
extracted, it is more practical to use the following
protocol., The stabilized bran is fed into a counter-
current aextractor at a flow rate of about 111 lbs/hour.
Fresh hexane is introduced at a rate of around 312

30 1lbs/hr. The fresh solvent (hexana) temperature is
maintained at about 50°C, while the extractor
tamperature is maintained at around- 52°C. Residence
time in the extractor is typically around 45 minutes.
The product is a defatted bran with an oil content of

35 leas than one percent. The hexane/oil miscella exiting



of this invention, the known tocotrienols, and m xtures t hereof, are
useful in increasing feed conversion 15 eff|C|ency

Hyper chol est erol em ¢ di seases and conditions t hat may be treated using
t he conpositions and m xtures descri bed herein include, but are not
limted to, arteriosclerQgjs, atherosclerosis, xantpomatosis, 20
hyper| i poprotei nem as, and famlial hyperchol estero- | em a.
Thronboti c di seases and conditions that may be treated using such
conpositions include, but are not limted to, pulnonary disedse, in
general (such as 25 reduced specific conductance, reduced dynam c
conpliance and constriction (contraction of snédtm - nmuscl e), excess
pul nonary fluids (such as pul nonary Iynph foam or bronchoalveolar

| avage), adult r egp ég%?:ggskgeéﬁg %ﬁﬁr §§tf§i€%fﬂqjthgb gﬁ'

i
di sease (such as puInDnar m<c h pe ensi on nonary_e ena
fluid accunul ati on (nELQ?Qwﬁﬂd framelﬁil?%ﬂaﬂﬂﬁéﬁ) aﬂhep@ﬂlﬁﬁﬂﬁﬂym%égéﬁlﬁrls

per meabi lity), PUL @M Siinpéds @B0ASEt el IHRAteASSOL1 Rivithre TheckaiRhe. is
wi t h endot oxem a, gr am n %?Bt | Vegﬁagggiﬂ?tef%ﬁphyggﬁ(éensar fcgegg{‘ghagl o
|

shock or allergy to r
- 33 - Following extraction and desolventization,

the crude rice bran oil is typically degummed, dewaxed,
kleached and physically refined using stean
distillation. Degqumming is carried out by a two stage
addition under agitation of 2% water by wéight and then

10 0.15% phosphoric acid (853% reagent grade) by weight.
The temperature is held at about 82°C to 88°C for 10
minutes and the sludge containing the gums is then
removed via ultrafugation. (See, e.g., United States
Patent No. 4,049,686). The degummed bran is cooled to

15 about 5°C to 8¢C and held for 24 hours. The dewaxed
oils form a layer above the waxes which can be decanted
using a vacuum pump. Bleaching is carried out
according to the official American 0il Chenmist's
Society method 6¢c 8a-52., Physical refining is carried

20 out in a glass decdorizer at about 250°C and around 3
mm Hg for about 2 hours.

The following specific protocels are referred
to in the subsequent examples. B8tabilization protocols
follow the general method set forth above, with the

25 precise conditions defined as follows:

otocol T- eat Stabili an

Extruder: Wenger Model X-25

S r cr B :
Baryel # Standard Port Screw # Standard Port
30 5 - 28714-9 5 28320-1
4 28318-1 4 8326~9

3 28372-95 3 38326~1



i schem a, mcroenbolic and/or frank occl usion, reoccl usion foll ow ng
transl um nal angi opl asty, myocardi al infarction, cardi opul nonary bypass
associ at ed dysfunction, vasoconstriction (pulnonary and 5 peripheral),
organ dysfunction, platelet consunption and/or activation (and
subsequent decreased function, aggregati on and decreased nunbers),
mtral valve pat hol ogysassoci ated with acute pemsOperative pul nonary
hypert ensi on, chronic obstructive arterial disease 10 caused by
arteriosclerosis, Maurice Raynaud's syndronme -- vasoconstriction, renal
artery stenosis, nyocardi al infarction, stroke, pulnonary enbolism
deep vei n thronbosis, peripheral artegiﬁk occl usion and ot her bl ood
system t hronboses. 15 Ant i oxi di zi Ng uses include, but are not
limted to, the treatnment and prevention of endotheli al injury, such as
i schem c and reperfused nmyoggsggsin Because of gdwge~santi oxi di zi ng
activity, the tocotrienols and tocotrienol-like conpounds of this 20

i nvention nmay al so e used BA3%0ehti ng and prevent i2&$87-9 cancer ous .
conditions (by, for exanple, preventing .cancer-causing nutations in the
genetic material of an anima] or .a human).

Ant i at her ogeni c di seas &F2RAALG PR 568U gt 25 may be treated using such

conposi tions incl re not, limted to, arteriqsglerosis,

at her oscl erosi s, rdial inf , chéﬁ@@EEFgegggﬁyocardia
ischemca, braig i i a and renal igsghgm a) and agasgshiokes. 30

I nfl anmat ory di seases and conditions that may be treated using such

conposi tions incl pksk PQatar e not o.egBt ed to, epsegnt-gal hypertension
hypert ensi on of congestive heart failure, renal dysfunction caused by
reduced myocar di a Inkegmediateot oxem &.288ronic | i \2831857288sease or
hypertensi on, pul M&#®y inflammation in

Front Plate 0.235 28389-507

10 Operating conditiong:

Feed Rata: 1000 lbs/hr

Temperature: 170°C at exit die
. Pressure: 975-1025 psi

Moisture Feed: 12% .

16 Moisture Discharge: 9.6%

Residence Time: 15 seconds

Run Duration: 8 hours

Sanple Size: 50 1bs.

Protocol II-Drv Heat Followed by Wet geaﬁ Stabjlization

20 Dry Heat Stage: Protocol I
Nat Heat Stage:
Extruder: Anderson 4 inch
2 Confi tion: Standard Cut Fiight
Die Sgtup:

25 Diameter: 0.1878 inches '
Land: 0©0.75 inches

3 0. -4

Feed Rate: 378 lbs/hx
Shaft Speed: 279 rpn
30 Stean injection: 36 lbhs/hr (32 pei at #8 hole)
Mechanical Preasure:?750 psi (est.)
Moisture Feed: 11.4%



-34 - asthma, bronchitic, pneunonia or acute lung injury,

rheumati ¢ di seases (such as rheumatoid arthritis and system c | upus
cryt hemat osus), inflammatory bowel di sease (such as ul cerative
colitis), irritable bowel 5 disease (such as villous adenoms),

gaut roi ntesti nal di sorders caused by excess acids, pepsin or bile
salts, Zol linger-Elliss& syndrone, skin diseasesw®r trauna (much as
burns or acid or caustic injury), gout, Bartter's syndrone, fever,
rheumat oi d di seases, pain, 10 functio |aesa, hypertension and edens.

| mmunor egul at ory di seases and di seases t hat may be treated using the
conpositions of this invention includeéla#%hare not limted to, chronic
fati-gue syndrone, graft rejections, auto neé di seases, such 15 as

Al DS, and other viral diseases that weaken the | mmune system

The conpounds and Bigdnaegedfotstlied Agkei n are useful in
pharmaceuti cal consischiagge. Ras@dst uf 4g0 1psaned di etary suppl enents.

Advant ageousl y, thdischargpr Peiyris ar @2ypochol esterol em ¢, antithronboti c,

anti oxi di sing, antiatherogenic, antiinflammtory and I mrunor egul at ory
agents. Phar maceuti cal conpositions may take the form of
tabl ets, capsul es, enul si on&ELEAEHe R Yang/cog g _Procedure

5 ., The wet heat stabilized product of protocol

II (15% moisture) was discharged onto aluminum trays

and placed in a tray oven at 101.1°C until the moisture

content was 8~10% (approximately 1.5 hours). The trays

were then placed on tray racks and allowed to cool at
10 ambient temperature (approximately 20¢¢C).

Brotogol IV-0il Extraction (lLsboratory Method)
0il to hexane ratie: 1:4
# of washings: 3
Extraction temperature: 40°¢C
. 15 The haxane was removed from the extract by

mild heating (40°C) under a mild vacuunm.

Protocol V~Qi] BExtractien (Pilot Plapnt Method)

0il to hexane ratio: 1 : 4
# of washings: 6
20 Extraction temperature: 60°C
Amcunt Extracted: 20 lbs
Yield: 16 lbs defatted bran

4 lbs crude oil
The hexane was removed from the extract by

25 heating to 1185.5°C.

Pratecol VI-0il Extractjion (Cold Extractien)

0il to hexane ratio: 1: 4
# of washings: &
Extraction temperature: 20°C (ambient)
30 Anount Extractad: 30 lbs
Yield: 16.4 1bs defatted bran

3.6 lbs crude o0il

The hexane was removed from the extract by
heating to 115.5°C.



e TTTT————

25 powders for oral adm nistration, sterile solutions or enul si ons for
parenteral adm nistration, sterile solutions for intravenous

adm ni stration and gel s, | otions and crenes for topical application.
The, pharmaceutical conpositions nmay be administered to 30 humans and
animals in a sate and pharmaceutically effective anmount to elicit any
of the desired results +indicated for the conpounds and m xtures

descri bed her ei n. This invention also relates to prodrug
forms 35 of tocotrienol and tocotrienol-like conpounds which,

- 35- upon administration to a patient, undergo bi ot ransformati on
Into active form The pharnmaceutical conpositions of this

i nvention typically conprise a pharnaceuf?éélry "5 effective anbunt of a
tocotrienol or tocotrienol-Ilike: conpound of this invention, or a

m xture thereof, and a phar ma ' | YA LaRke carrier. Such
carriers my be solid or I|iquit, ) npl e, cornstarch,
| act ose, sucrose, olive oilaPnpaesgnBridd -oillf wersoréthidyazaitiadeorsasised,

t he dosage forns be taplets, a | es or |l ozenges. .Liqui d dosage
forms i ngl ude sof F{g};rs at P’f a15-5°Cf- p%ﬂ supernaéarﬁg, whxléhq 9

contained the dewaxed o0il, was decanted fron the

5 solidified waxes. The waxes were then centrifuged to
remove entrained oil yielding waxes (0.59% lbs) and
dewaxed 0i11(19.407 1lbs).

EXMLQ 2 "'-. Egzi:i gation Qg 225

The rice bran was stabilized according to
10" protocol I. 1.0 g of the stabilized rice bran was
ground intc a fine powder and extracted with 8 ml of
methanol in a disposable screw capped tube using a
shaker for “30 minutes. The suspension was then
centrifuged at 2000 rpm for 10 nin. to recover the
. 15 methanol layer, which was evaporated under vacuum at
40°C. The remaining dried residue waa then extracted
with 4 ml hexane by shaking on a shaker for 3 ain.
followed by centrifugation at 2000 rpm for 8 min. The
resulting supernatant was transferred into an injecting
20 wvial, which was capped and centrifuged again for 2 min.
Bvaporation yielded the TRF.

Ten mg of the TRF, which contained novel
tocotrienol Py, was dissolved in 0.5 ml of hexane and
bound to a Bond Elute Amine column (1.0 ml) that was

25 first equilibrated with 2 ml hexane. The column was
then washed with 1 ml of hexane, followed by 1 ml of 3%
isopropanol in haxane. This step removed most of the
known Tocol products. Then 1.0 ml of 5% isopropancl
in hexane was run through the column. The recovered

30 solution was evaporated, yielding 1.85 mg of P,z and
0.44 g of tocotriencl (P,,). Finally, 1.0 ml of &%
isopropanol in hexane followed by 1.0 ml 10%
isopropanol in hexane was run through the column. The



e

gelatin capsules, syrup or liquid suspension. Ther apeutic and
prophyl actic nethods of this I nvention conprise the step of treating
patients in a 15 pharmaceutically acceptable manner with the
conpositions and m xtures described herein. As used in this
application, the tern "pharnmaceutically effective anount" or
"cholesterol -lowering anotat " refers to an . anmous effective to | ower
bl ood |l evels of LDL- 20 cholesterol and total serum cholesterol, while
increasing the ratio of HDL-cholesterol to LDL- chol esterol in the
bl ood. Alternatively, the term "pharmaceutically effective anmount”
refers to an anount _effective to decrgage blood levels of

LDL- chol esterol 25 and total serum chol esterol associated with

hyper chol esterol em a, an anount effective for | i pogenesi m an anount

effective to inhi bidaititaing eractiditidwade! aAdlyséd P upLee f R6tted ®f

decr ease the r Iea&g oi sq$ r oxi des b¥ funanqg;rhggsrgé bl ood 30
neutrophils, an a 207 {0y ﬁ@srgaﬁ Rig pr R08e 8€%«umor necrosis
factor or interleukin-1, an anount effective to reduce the | evel of

arachadoni ¢ acid, an amount ef f ect i ExXaflBn3rease antibody titers in

t he bl ood, an anpunt effeg¢tive for anti ronboti c yses, an 35 anpunt
effective to treat, preventAﬂf“?kﬂ?%?“PhB“Biéikd compounds #rom
5 Example 2 were further purified by HPLC to separate

tocotrienol (P;;) and Pyg. The peak fractions from
geveral runs were c¢ollected and analyzed by HPLC. The
purified samples each showed a single symmetrical peak
.as observed by UV and fluorescence. The following

10 analytical data was obtained for tocotriencl (P,,) and

P25= '

Tocotrienol P,q:

MS(EI): m/e 382: (molecular ion)
163
. 18 123%

NMR (CDClg):

8 1'26 {8' H}’ 1!50"1084 (m' 43)' 1'58
(s, 9H), 1.66 (s, 3H), 1.90-2.15 {m, 10H), 2.69 (t, J=
6.7 Hz, 2H), 4.23 (s, 1M), 5.07 (m, 3H), 6.51-6.57 (m,

20 2H), 6.63 (d, J= 8.5 Hz, 1H).

IR (£film):

(em'!y 3400, 2990, 2980, 2876, 1500,
1458, 1240, 750,
The MS data correspond to a molecular formula

25 of QygH3q05. The pattern is characteristic of the
fragmentation observed with a-, A~-, and y~tocotrienols
as reported by Rac et al., "Identification and
Estimation of Tocopherols and Tocotrienols in Vegetable
Oils Using Gas Chromatography-Masa Bpectrometry”, J,.

30 Agr, Food Chem., 20(2), pp.240-245 (1972). The peak at
m/e 1637 indicates loss of the side chain (c,énz7)+
giving rise to the ion C;gH,,0, (163.0758). The peak .
m/e 123" originates from the cleavage of the side chain



-36 - of any one of the follow ng di seases or conditions
i ncluding inflamuatory di seases, iunoregulatory di seases, fever, edens,
di abetes nellitus, cancer, signs of aging, pain, septic shock, chronic
fatigue 5 syndrone and functio | aesa; or an anmount effective to
decrease the concentration of Lp(a) in the blood or to i ncrease feed
conversion efficiency. ' The pharnaceut isel conpositions of
this invention may be enployed in a conventional nmanner for 10 the
treatment and prevention of any of the af orenent i oned di seases  and
condi tions, Such nethods of treatnent and prophylaxis and their dosage
| evel s and requirenments are well-recoghigged in the art and may be
chosen by those of ordinary skill in the art from 15 the avail abl e net hods
and techni ques. Dosage ranges may be from about 1 to about 1000 ng/day.
However , | oner byr theghreakiinvnged the chraman syructgreotitihc hydrogenage
and treatnment regi Esafr&hgz.&w%m YBBR A Gethyl adeEfLdife dagRahtents

of the patient’

health status, the severily and 20 course s disease or

di sposition t her et 4“Ha~C= e he j udgment of the treating physician.

Tocotrienol s and tocotrienolTHe NMRceppctraisis ideahdcal xtarhat oér 89f nay

al so be used i nscoggﬁg | St the“hké*)f?r%f&g R2knb! { ilGhguaed in the
ny of“the a

treatment or 25 prophylaxis of aé e atorenentioned di seases. such
conbi nati on t her apfed+AdeFRIFoBERFent | in By A6 BiSSiNG dd SBECERIt o

conventi onal ther apﬁup'k , thus avoi ding possible toxicity incurred
when those agents are u j.es e i enol s
30 or tocotrienol-like conglg‘ungg ﬁﬁ%ﬁ%‘%gé& | Rrggéncg% | r?aah%iﬂg\%l&%h bile
aci d sequestrants, YBugnoug at 370R0F8sy yRabengene Fiogl abt 1§ <& | ;D aci d

derivatives, 10 Skfbomén *Irf sk k6o &ahfibrozil, Bezafibrate,

Fenofi brate, and C profibratg; HMGR Lﬁhi biJ rs, tﬁuchtas 1_-35 LO\éag[ at ians

Mevastetin, Pravastatin, Si aPPnCUPRE “ata, the structure of T W
identified as desmethyl-tocotrienel (2,4-dihydro-2-
methyl~2-(4,8,12~trimethyltrideca-3'(B),7'(B),11'~

trienyl)-2H~1-benzopyran~6-ol) 3

H

15
E »
26+ MS({EI):
m/e 2867 (molecular ion)

20 178t
1497
123*

RMR (CDCLy,) ¢

. § 1.58 (s, 3H), 1.59 (s, 3H), 1.62 (s,

25 3H)’ 1.67 (S, 31‘1), 1.73 (m' 2}!), 1.50-2.08 {n' 10H),
2.19 (m, 2H), 2.63=-2.85 (m, 2H), 3.89 (m, 1H), 4.30
(br. s, 1H), 5.07 (m, 2H), 5.14 (t, J= 7.9 Hz, 1H},
6.51 (4, J= 2,9 Hz, 1H), 6.56 (d of 4, J= 2.9, 8.6 Hz,
1H), 6.66 E{(d, J= 8.6 Hz, 1H).

0 IR (£ilm):
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- 37- SRI - 62320; Probucol; N cotinic Acid; its derivatives and
conj ugates, such as, 6-OH Nicotinic Acid, Ni cotinaria Acid,

Ni coti nam de, Ni cotinam de- N oxi det 6- OH Ni cti nam de, NAD

N- Met hyl - 2- pyri di ne-8- 5 carboxam de, N-Methyl-Ni cotinam de, N R bosyl -
Pyri done- 8- Car boxi deN- Met hyl - 4- pyri done- 5- car boxam de, Bradilian,

Ni ceritrol, Sorbinicate andsHexanicit; Neonyci n@nd d- Thyr oxi ne.

In foodstuffs, tocotrienols and tocotrienol- 10 1ike compounds, and

m xtures thereof, may be used with any biologically acceptable carrier
to provide safe and effective nmeans of |owering blood | evel's of LDL-
chol esterol and total serum chol esterol, whiggea i ncreasing the ratio of
HDL~chol esterol to LDL- "15 cholesterol in the bldéod. In addition, the
foodstuffs may be used to |nh|b|t pl at el et aggregation, to decr eane
the rel ease of superoxides by hurfem’ peaapaerzaz4, 148ke084b0utI3Fi I s, to
reduce the levels éiaﬂunhﬁlso 1088erosis factor and interleukin-1, to

i ncrease anti body 20 tlter n_th | ood, or tq treat revent or del ay

t he onset of one or qﬂ:M?hgagﬁl??EEQﬁ?QHFsEas%éﬁQ#L°“1arbGRHPF;an

i nmunor egul at ory dbseegﬂaebgf | @hntpadtern is characteristic of the

8 fragmentation observed for y~tocotrienol, except that
the methyl on the chroman ring adjacent to oxygen is

missing.
The NMR spectra is similar to that of
desmethyl-T,. '
1o The IR indicates the presence of a phenolic

OH group at 3388 cmr’, a benzene ring at 1494 cn'!

chroman ring at 1352 cn’!, _
Based on these data, the structure of P,g was
identified as didesmethyl-tocotriensl (3,4-dihydro-2-

15 (4,8,12-trimethyltrideca~3'(E),7'(E),11'~trienyl)~2H~

and a

o 1-benzopyran-6-ol) :
H
HO
" 0
Example 4 -- Isolation and Purification of P.e and Pyg

The rice bran was stabilized according to

20 protoecol I. 1.0 g of the stabilized rice bran was
ground into a fine power and microwaved for 3 minutes
(in 1 minute intervals) to release any bound T, and Ty~
like compounds. The microwaved rice bran was then
extracted with 7 ml of methanol in a disposable screw

25 capped tube using a shaker for ~30 minutes. The ,
suspension was then centrifuged at 2000 rpm for about 5
nminutes. The supernatant was removed and the methanol
was aevaporated under vacuum at 40°¢C. The resulting



-

fever, edema, diabetes nellitus, cancer, signs of agi ng, pain,
rheumat oi d di seases, septic shock, chronic 25 fatigue syndrome and functio
| aesa. Alternatively, they may be used to decrease Lp(a)
concentrations in the blood or to increase feed conversion efficiency.
Foodstuffs containing the tocotrienols and tocotrienol -1ike conmpounds
according to this inventioRe 30 and m xtures thereof, may be conmbined with
any ot her foodstuff. For exanple, oils containing the conpounds of
this invention may be used as cooking oil, frying oil, or salad oil and
may be used in any oil-based food, such am margarine, mayonnai se or
peanut butter. 35 Gain flour fortified mntg t he conpounds of this

- 38-- i nvention may be used in foodstuff 0 SUch as baked goods,

cereal s, pastas and soups. oils containing tocotrienols and

{ocotrendl -1k, C;jmwﬁ‘*s*ﬁﬁ%“ 2, MATEUEL OF e a3°PrpPiduafy ! 1Y O
Advant ageousl vy, Jat Bf kS SPMPSURARS | n Iow1 fat, |ow
chol esterol or otherw se resTheatezidiecwasydissolvael 1AN250 ul (200 mg) The
pharmaceutical cOMgSidwane 2R4 applied to a 1 ml Bond Elute amine column
5 that was first equilibrated with 2 ml of hexane. The
column was then washed with 1 ml of hexane. Then 0.5
nl aliguots of the following solvents were eluted
through the column succesgively: 0.5% isopropanol in
hexane, 1.0% isopropancl in hexane, 1.5% isopropanol in
10 hexane, 2.0% isopropanol in hexane, 2.5% isopropanol in
hexane and 3% isopropanol in hexane. Finally, the
column was washed with 0.5 ml of 10% iscpropancl in
hexane. The resultant fractions were anal&zed and the
fractions containing Pyg and Pg Were combined (only the
13 fractions collacted using 1.5%-3% isopropancl in hexane
contained Pyg and Pyg in significant amounts).

In order te separate P,y and P,5, HPLC
conditions identical to those described in this
application were used, except that the concentration of

20 isopropanol was increased from 0.25% to 0.5% in hexana.
Under those conditions, Py eluted at 13 minutes and Pyg
eluted at 15 minutes. The peak fractions were
collected and analyzed by HPLC. These purified samples
each showed a single symmetrical peak as observed by UV

25 and fluorescence. The following analytical data was

obtained for Py and Pyg:

T-L
MS(EI): m/e 380+ (molecular ion)
161+
30 molecular formula:
molecular weight (actizaalﬂso . 380,3084

(calculated): 380.3079

The fragmentation pattern-was similar to that
of Py, and Pyg. The peak at m/e 161+ indicates loss of
35 the Cygly; side chain giving rise to CyyH,30. Based on



10 foodstuffs.of this invention nmay be adm nistered to humans and

ani mal s such as, for exanple, livestock and poultry. Once an ani mal has
i ngested or ot herw se been adm ni stered a tocotrienol or

tocotrienol -1ike conmpound, or a mxture thereof, it advantageously 15
retains the hyperchol esterolem c, antithronbotic, Ant i oxi di zi ng,
antiinflammatory, antiathegggenic, I rmunor egul atg@y¥y and ot her

advant ageous bi ol ogi cal activities of the adm nistered conmpounds.

Ther ef or e, such an animal, or any product derived therefrom such 20
as, for exanple, mlk, may be consuned by a human or ‘anot her animal to
derive the benefits of the tocotrienols gnd tocotrienol -1ike conpounds.
For . exanpl e, a chicken which ingests a grain or neal fortified with

t he conpounds of this invention may 25 |ater be eaten by a human to derive
the chol esterol - enepgdastdy R Folllowing structure folrPgfisiasi on, the

adm ni stration of , Eogftégenols or tocotrienol-like conmpounds to aninals
results in an incré&?@ tH-¥eed gonversion efficiency. 30 In higher fat
content animals, such as cattle,] sw ne, sheep and | anb, tocotrienols or
tocotrienol-like = conp®¥ids geygategeously lead to faster growth, | ower
chol esterol content, and hi ghE I i stered
to fow, tocotrienols and 35

production of eggs H
p [ cH‘
18} H
MS (EI): m/e 424+ (molecular ion)
5 205+

molecular formula: CigHga0q
molecular weight (actual* : 424.3010
(calculated: 424.2977
The fragmentation pattern was again similar
10 to that of Py; and P,z. Based upon these data, the

following structure for P;gq was identified:

BExample 3

The effects of different rice brans on the
serum levels of total cholesterol, HDL~chelesterol,
15 LbL-cholesterol, apolipoprotein (a)i and
apolipoprotein B was determined in chickens.
The following protocols were performed to
yield the samples displayed in Table I:
entry 5: protocol I

20 entry 6: protocol I, followed by protocol IV.

All othar samples were obtained from commercially
availabla sources. . :
Chickens were chogen as our initial model
because they synthesize cholesterol in the liver using
25 a mechanism similar to that of humans (unlike rats and
nice that synthesize cholesterol in the intestines).



- 39- characterized by reduced chol esterol content of the yol k and
hi gher protein content of the egg white. In order that this

i nvention be nore fully understood, the followi ng exanpl es are set
forth. 5 These exanples are for purposes of illustration only, and are
not to be construed as limting the scope of the invention in any way.

I n these exanples, nmass spgetra data was acqui red usi ng Model Ms-902
manuf actured by and 10 obtai nable from Associate El ectrical Industries,

Lt d. (Departnent of Chemistry, University of Wsconsin, Madi son) ..
Sanmpl es were introduced directly into the ~ion source on a glass probe
at 100[err] C. The potential of the ionizing electrical beamwas 70 e.v.
NVR in CDCl[err] 15 wer®e obtained using NVR?400 by Bi uKr, FDR at room
tenperature. IR was done as thin filmusing a Perkin El mer instrunent.

Centrifugation was | e1240).
M cr owavi ng was Egﬁp%d&ﬁaafvﬁh m housgﬁ {’ddoven *ngf‘ No 20
MI6901XW O oper at | }1RERATIGO Faga AR Lni-ﬂ‘@ﬂﬁa&* k mash Qameral Hunp
6000A or a Gl | Son LD o104 contholedivat contihubngsa:eu&eedaivalenthfFaBS and
i ntegrator CR3 a r g P 5 et ect or
or a Shi madzu fgé/ﬁv?’%eﬁw #‘g&eryﬂ%% %&%ﬁaﬁs@é Q‘? or and a
Ki pp and Zonen BDArouRsoWasr conm%we ta 6bﬁe¢91|“'s"é°]1 SFCRR 8 Fh% fol | owi ng
I(*\F/’\;C condi ti ons Wetéeding mheaedas A ksl ! masinwwereorsatéa G&&mﬁp
ters col um er ystem o
hexane and |soprop%1rﬁﬁ %L;Sif 73%7"/{\%‘ g? ggﬁ%%o?? 25 ? 1.3 M/ mn.

Det ecti on was donehaursdn exitation wavel ength of 295 nm and an emi ssion
wavel ength of 330 nm (f| pRecskEEEeh FRBACHDEL SdiftaMeabeRsPEdbIowEng?95

nm . 10 ingredients:

Ingredients . Weight
Corn (8.8% protein) 615.0
Soybean Meal 335.0

Corn 0il 10.0

, 15 Calcium Carbonate 10.0

Dicalcium Phosphate : 20.0

Iodized Salt 5.0

Mineral Mixture® 2.5

Vitamin Mixture® 2.5

20 ® Mineral mixture contained per kg feed: zinc sulfate.
H,0, 110 mg; manganese sulfate 5H,0, 70 mg; ferric
citrate « H,0, 500.0 mg; copper sulfate ° 5H,0,

16.0 mg; saﬁium gelenite, 0.2 ng; L~methion1ne, 2.5 g;
choline chloride (50%), 1.5 g; ethoxyquin (1, 2-d1hydro-

25 6-ethoxy-2,2,4-trimethylquinoline), 125 mg; and
thxamine-HCl 1.8 ng.

b vitamin mixture contained per kg feed: vitamin A,

1,500 units; vitamin D,, 400 units; vitamin E,

10 units, r;boflavin, 3 6 mg; calcium pantothenate,
30 10.0 mg; niacin, 25.0 mg; pyridoxine~HCl, 3.0 mg;

folacin, 0.55 mg; biotin, 0.15 mg; vitamin By,

0,01 mg; and vitamin- Ky, 0. 55 mg.



Al'l assays conducted on chicken or sw ne serum were done follow ng the

protocols described in 35 ACA Qureshi et al., "Lowering O Serum

Chol esterol In _ - 40-

Hyper hol estercl em ¢ Hunmans By Tocotrienol s” (Palnmvitee), Am J. clin.

Nutr, 53, pp. 1021S-265 (1991). Al enzymatic assays were done

follow ng the prot ocol swdescribed in A A -Qureshwret al., "Effects of

5 cereals and Culture Filtrate of Trichoderna viride on Lipid

Met abol i sm of Swi ne", Lipids, 17, pp. 924 (1982). Pl asma insulin,

gl ucagon and TNF | evel s were neasured usi ng radi oi mmunoassay kits from

Ventrex Laboratories, _Inc. (Portland, _beége_), I CN Bionedi cal s, Inc.

(Costa 10 Mesa, California) and Gensyne Corp. (Canbridge,

Massachusetts), respectively. The follow ng protocol may

be enployed for  carryi ngrRetrédits ael dzsblayedibalohi §hoDakke Hour Ce,

fl r5 Omuzl P gr:nl fg 3{ ?}(faz'sbén S$g28"Bt Cincreases or decrdidid abeCERbRRYN ' Ce)
parentheses.

TABLE [

- Concanteration in Serim L
Nutritianat State! Total Ghel. HDL-Chol.  LDL-Ghol,  Apo-Ag ApoB

1) Control Group Chick  165.926. m.au.o;“ 47.9#4.6&‘ 132,948, 31.«1.&2

Mash (CTL) ¢100.0) ¢100.0) (100.0) (100.0) €100.0)
2 Collulese (20% Er.d 139.493.55 96,004,900 42,604,128  125.2:3.81R 30.401.312
10 (63.7) 2.1 {88.9) (95.4) (96.8)
3y californfa Rice Bran  151.2a3.7%  100.428.428 30.004.22AB 125.8:4.7870 28,801,547
(20% Equ.) 91,13 (96.4) (81.4) (%.7) 017
4) Loulsians Rice Bran  142.006.3°  101.786.41 340.603.00%  132.043.8A 27,601,412
15 5) Louisiann Rice 8ran  128.5:4.0° 98.1e7.57 3t.4s2.72B  135.25.32R 25.7:2.258
stabflized (77.5) %1 (65.4) €100.2) (81.8)
(0% Equ.)
. &) Loulsians Rice Bran  148.5:6.10  100.204.69% 42,423,017  125.7:5.56% 28.741.3°
Defatted (208 Equ.)  (29.5) (96.2) {88.5) (9%.6) (91.4)
20 7y comsercial Rice Bran 150.024.68  98.926.89% 40,613.88%  125.125.560 29.0a1.26A
(20X Equ.) (90.4) (94.9) (84.8) (9%6.1) (92.4)

1 Feeding period was & woeks; time of killing uas D800 heurs, The birds were fested for
14 heurs prior to killing. Data expressed as means & $0; n = 6 chickens per group.

2  Percentages of increases or decreases sre in parentheses.

25 AP ysluea not sharing a common superscript letter are different at P < 0.01.

The diet which included stabilized rice bran
demonstrated superior cholesterol reducing activity
when compared with the other diets. It advantageously
lowered the LDL-cholesterol level by almost 35%, while

30 lowering the HDL-cholesterol level by only 5.9%, as
compared to the control diet. In addition, it
increaged the ratio of apolipoprotein (a), to
apolipoprotein B by 21%. This ratio is used as an
indicator for assessmant of risk for coronary heart

35S disease (see Naito et al., "The Clinical significance



in a commercial -type continuous flow, non-m xi ng, heated air dryer.
Drying is carried out to |over the noi sture content of the rice froma
| evel of between 20 about 18 and 22 percent to a | evel between about 10
and 13 percent. The dried rice is then cleaned by renoving dust,
stones, seeds and sticks by aspiration in a commercial rice cleaning
machi ne, followed by graviy ‘'separation in a storer and particle size
separation in 25 a disk grader and a drum separator. The husks are then
removed using a rubber roller sheller. Paddy (husks or hulls) are
renoved using a paddy separator. The raw, _bran is then renoved in a
friction mll to yield polished rice. ﬁhe raw bran i s then pneumatically
30 conveyed either to the extruder or to storage until stabilization.

To carry out stgbidpgeddpbphotéire Neawupepents, " J. Clénuaimmidassaw;veyed to a

filter/sifter tQo.enmye .._ e'd@%a broken rice. After sitting, the raw
bran is £14)5TBbT 11-20 (1 5' -41- pneumati cal | y

conveyed to a m xi ng/tenpering hopper tapk. The raw bran is conveyed
fromthe di scharge of the m xi ng 2¥8BR18S ¢ he extruder inlet valve of a

clanped barrel single scpavy Gl 1{dGimPNad tH SrdcEE’ 6 aifserent

5 rice brans on the hepatic enzymatic activities of HMG-
CoA reductase, cholesterol 7a~hydroxylase and fatty
acid synthetase, and the serum levels of triglycerides
‘and glucose in chickens fed with them. The feeding
conditions were identical to those described in

10 Example 5. The samples were prepared as described in
Example 5,
The results are displayed below in Table II.

Percentages of increases and decreases are shown in
parentheses., -



5 conveyer feeder. The operating conditions of the extruder are

mai nt ai ned during stabilization in the foll ow ng range: flow
rate: 900- 2000 | bs/ hr pressure: 800- 2000 PSI 10

t enper at ur e: 135[err]-210[err]C time: 5-90 seconds.

The dry heat stabilized raw bran is then fed directly into the feed
hopper of an expander cooker. Alternatively, thefeed to the cooker may
be raw bran 15 that has been cooled with dry ice. Wthin the ext ruder,
the bran is conveyed by a discontinuous worm shaft toward the discharge
plate at a rate of around 341 | bs/hrgzg WAt er and steam are added through
I njection ports in the barrel of the extruder at a rate 20 of around 38

| bs/hr to conpletely mx the material and to raise the noisture |evel

The anbi ent tenperature i s about 3Qfsarsn] C. Flow of the material is
controlled by a di scharge i fic Agtivisy about 341 s/br. The

feed materi al ' ake?VEl SR R t 25gedd- 4% t he
t enperature ismﬁéﬁﬁgﬁ \L/\'/een mi ﬁ&rﬁﬂ%ﬂa t:i&?fl'?) 'gﬁ]é‘:fz:%gmbet ween

about 15 and® 9Q_secaonds . Timeles/ms/nip)rraocteningini ced is
about 14%at &, comfbi SGBANGE LITRAA00R,0R AR T [ Brs3?  100.aa350h  As the
bran is extruded wérerngh t he (tR&“30 M!}é@kt(mﬂbiﬁzdeﬂwde;creasm-hf pressure
causes the )l '&H&lﬁLe‘Qﬁ&?&.,taﬁ.o\(gP'{ Ei&g.og“shﬁﬂ.zsp‘)k&. BENZY{fhe &8 €

denatured and sone constit uenies.y ran (s, 9 @grnatini zaminto a
fluid past I ch_hinds .the Bt t : C A IS
R LR s T Y g 2

4)

Louisiana Rice Bran 330.5¢12.8% 0.93520.0448 48.7:3.88R  63,2:1.61C  93.1:2.20¢

(202 Equ.) (81.5) (1157 (99.6) (83.5) (84.8)
5)  Lovisiena Rice Bran 311.7094.68  0.930:0.030P 65,605,692  53.9¢.92°  90.441.3¢%
15 stabilized (208  (76.9) (116.2) (95.1) (84,5) (82.3)
Equ.) .
6) Louisfana Rice Bran 388.7:14.8C 0,8520.0282 70.6:2.122 723816 w3ur.a3R
Defatted (20% Equ.} (55.9) 1084} €102.0) (95.8) (90,4)
7)  Commercial Rice Bran 371.2:15,5C 0.85010.08¢A 64,735,662  70.921.612 101211218
20 (208 Equ.) £91.6) 1105.2) (93.8) (5.7 92.1)

1 reeding period wos four weeks; time of killing was 0800 hours. The birds were fasted
for 14 hours prior to killing, Data expressed sz means : §D; n = & chickens per growp,

Percentages of increases or decreazes are in parentheses.
p-moles of mevalonig acid synthesized per minute per wg of micresomal protein.

25 % n-moles of [Mci-chotesterol ints (T4 Ta-hydroxycholesterol per minute per mg of
microsomal protein.

n-moles of NADPH oxidized per minute per mg of cytosolic pratein.

AC Values not sharing a conmon superscript letter are different at P < 0,01,

As shown in Table II, the diet which

30 contained stabilized rice bran produced a marked
reduction (over 23% as compared to the control diet) in
the activity of HMG-CoA reductase, the rate-limiting
enzyme of cholesterol hiosynthesis. Howevar, the
activity of the enzyme responsible for the degradation

35 of cholesterol, cholesterol 7a~hydroxylase, was not
substantially affected. Furthermore, this diet reduced
the serum levels of triglycerides (fats) and glucose by
15.5% and 17.7%, respectively.,



-42 - Ideally suited for solvent mgration percolation. The

I ntroduction of steam and water during the process rai ses the noisture
content of the bran to about 22-25 percent. The extruder discharge is
then sent 5 downstreamat a rate of around 341 I bs/hr. to a

dryer/cooler. Misture flow to the extruder is maj nt ai ned at about 96 °
| bs/hr and the tenperature’is kept in the range“ﬁf 82[err]Cto
130[err] C. The di scharge from the dryer/cooler is maintained at a rate
of about 341 10 I bs/hr and at a noisture |evel of about 8% Stabilized

rice bran is the result, These conditionggal so all ow for storage of the
stabilized bran. The stabilized bran is imersed in hexane in
a ratio by weight of about two to one. Typically, 15 about 10-100 g of
materi al can be extracted using this Exampden¥ocol. The hexane is generally

heated to about 60[err]C using a steamtabl e incorpprated into an
expl osi on proof vent H8 h%%’a,c"%?ﬁrﬁf‘h'éhe sﬁﬁf\ﬁﬁ?ﬁs"gn&%ﬁ R&an

t enperat ures nmila sxtbactad! fymr valious esanses on2ferumckipia i s renoved

fromthe bran I brat Len g to bring
the oil contentyag'ffan}ettegt hg %?%tg Fgcs‘sé{' a\rlfﬁc%%g %éPgiéﬁT e%%g?‘atted br an
and the hexdhe/B1aserioddsel | Eaghe arovR 6Es6|chdskens  (6-weel RIQA gent | e heati ng
with steam 25 female whitel {egi¥inORakbged Giheschbbkii athdl @idts to be

oot e LY B SR allagd aLE6x P o, Senpd L e
of about 111 | pemied; the chickens were fed a diet consisting of the
chicken mash diet containing a 5% supplement of various
10 oils. The control diet included a supplement of 5%
corn oil., After 4 weeks, the birds were fasted for
36 hours and then refed for 48 hours prior to sacrifice
(at 0800 hours). The amount of feed consumed by all
groups was comparable to the control group. The
.15 following protocols were performed to yield the samples
displayed in Table III:
entry 2: protocel I, followed by protocel IV

entry 3: protocol III, followed by protocol IV

entry 4: proteocol III, followed by protocol IV
20 entry 5: protocol IV

entry 6: protocol IV

All other samples were obtained from commercially
available sources.
The results are displayed below in Table III.
25 Percentages of increases or decreases are shown in
parentheses.



Fresh hexane is introduced at a rate of around 312 30 | bs/hr. The fresh
sol vent (hexane) tenperature is mai nt ai ned at about 50[err]C, while the
extractor tenperature is maintained at around- 52[err]C.. Residence
time in the extractor is typically around 45 m nutes. The product is a
defatted bran with an oil content of 35 |l ess than one percent. The
hexane/oi| mscella exiting” ' had -43
- the di scharge of the extractor is filtered through a pl ate and
frame filter press. The filtered mscella is t hen punped to a steam
heated still where the hexane is evagerated and collected by a
condenser for reuse. 5 Fol | om ng extraction and
desol venti zat i on, the crude rice bran oil is typically degunmed,
dewaxed, bl eached and physically reﬁtsn!ed using steam distil]ation,
Degunmi ng is carried -out byatwo stage , N unde agltatlon of 2%
wat er by wei ght and then 10 0. 15°® 0 f 359 20 ade) by
wei ght . - Thenutrétipelraageelr e |sfﬂdlcﬁblatm&mwt L@Q{ﬂérr]f@'ﬁ@"’%[@mc for 10
m nutes and th P - .
ul trafuqgation. Un t t oblaw2 04&“&@? The
degun’n’eg br af I,S)( ggﬁpﬁgﬂ%ﬁbo’ ::goﬂ?gzi a(:gﬁ;'z” ﬂ%? (100.0)F {100.0)

2) Chick Diet + 5.08  129.7:4.1%  99,8:3.57% 27.9:2.60% 84.3s2.97%  117.3:5.020 B

Lwi’i.ﬂ. Rice Bran ‘”.?) (90.5) “5-1, ‘“'7, "4"’
0il CLRBO)
3) Chick Diet » 5.08  135.324.55 1026049378 30.0:2.89%  81.3:3.948C 112,454.65°
10 Hot Extracted LRES  (73,1) ¢93.0) (48.5) £90.1} £90.2)
4)  Chick Diet + 5.0%  121.£23.5C oa.ked.90” 24,122,808  77.204.81C  113.2 ek.50B
Cold Extracted LRBC (65.7) (89.2) (42.2) (85.4) {90.9)
5)  Chick Diet + 5.0  154.5:3.40  108.6:3.25” 45,7:3.25%  86,44.64AB 194,526,218
Louisiana Crude Rice (83.5) (98.5 (75.4) {96,0) {$8.5)
15 Bran Oil
Unstabilized
8) Chick Diet + 5,08  163.3:5.3F  102.426.102 55.8:3.84P 88584332 196,206,788
commercial Rica Bran (B8.2) (92.8) (90.1) (58.1) (93.3)

ofl

20 1 Feeding period wea & weeks; time of killing was 0800 hours. The birds were fasted for
1% hours prior to Killing. Data expreased as means 2 80; n = 6 chickens per group.

2 Percentage of fncreases or decreases are in parentheses.

A€ values not sharing a comnon superscript letter are different at P < 0.0V,

The diet supplemented with 5% cold extracted
25 Louisiana rice bran oil demonstrated superior
tholesterol-lowering abkility over the other diets.
Impressive decreases in total serum and LDL-cholesterol
(34.3% and 57.8%, respectively) were recorded, while
the level of HDL-choleasterol decreased only slightly
30 (10.8%). Decreases in triglycerides and glucose levels
vere also observed,

Exanple &
This example demonstrates that waxes
(sterols) were not responsible for the cholesterol-~
35 lowering properties of Louisiana rice bran and its oil.
Each group of § chickens (6-week old female white
leghorn) was administered the chick mash diet described



15 about 5[err]Cto 8[érr]C and held for 24 hours. The dewaxed oils

forma | ayer above the waxes which can be decanted usi ng a vacuum punp.
Bl eaching is carried out according to the official Anerican oi

Chem st's Soci ety method 6¢c 8a-52. Physical refining is carried 20 out
in a glass deodorizer at about 250[err]C and around 3 mnm Hg for about 2
hour s. : The PUromAng specific protocoM™® are referred to
in the subsequent exanples. Stabilization protocols foll ow t he general
nmet hod set forth above, with the 25 precise conditions defined as foll ows:
Protocol |- Dry Heat Stabilization - 58 - Extruder: Wenger Mdel X-25
Standard Screw Barrel Setup: Barrel # Standard Port Screw # * Standard
Port 30 5 28714-9 5 28320-1 4 28318-1
4 8326-£h Example3s, supplafidnfed with one3of three 2ZE¥Herent

amounts of waxes (sterols), 50 ppm of TRF (prepared as
in Example 2) or 5% equivalent of the methanol
ingoluble fraction lLouisiana rice bran oil. The amount
5 of feed consumed by all groups was comparable to the
control group and the feeding period was 4 weeks. The
birds were fasted for a period of 14 hours prior to
sacrifice (at 0800 hours). The following protocols
vere performed on the samples displayed in Table IV:
10 waxes (entries 2-4}5_ Protocol VII.
TRF (entry 5) was obtained using the methed
described in BExample 2. The methanol insoluble
‘fraction {entry 6) was cbtained by freezing Louisiana
rice bran oil (prepared using protocols I and IV), then
15 centrifuging. The resultant supernatant was extracted
3 times with twice the volume of methanol.
All other samples were obtained from
commercially available sources.
The results are displayed below in Table IV.
20 Percentages of increases or decreases are shown in
parentheses.



- 44- 2 28318- 1 2 28326-5 1

28350-1 1 28387-9 Standard Di e Set up:
Di e/ Spacer Measur enent Standard Port 5 Spacer
0. 375 28340- 11 Back Pl ate 0. 625 28361-51
I nternmedi ate 0.218 28316-723 Pl at e Front Plate
0. 235 28389-507 0 "~ Qperating ConditiWwfs: Feed Rate:
1000 | bs/ hr Tenper at ur e: 170[err]C at exit die Pressure:
975- 1025 psi Mbi st ure Feed: 12% 15 Moi sture Discharge: 9.6%
Resi dence Ti ne: 15 seconds Run_ Qy ation: 8 hours Sanpl e
Si ze: 50 | bs. Protocol Il1-Dry Heat Foll owed by Wet Heat '
Stabilization 20 Dry Heat Stage: Prot ocol |

TABLE IV

HNG=Cah tholesterol

' S50, Sholesterol twa/100/0L)
Nutritienal 3““1 Total Chol. HDL-Chsl. LOL-Chol ., Reductase z?a-llyd-nvlne 3
(pmal ea/mg/min) (mles!mﬂm

5 1) Chick Diet + 5.0% ‘|.1!’n"|2A 110-3!‘.?5‘ 61.941. 3“.3&1#9‘ 0.!55!0‘0“‘
Corn Ol (COCOD) {100.0) €100.0) €100.0) {100.0) ¢100,0)
2) Chick Diet + 5.0% 18.7:6.50% 109.602.838 41761742  s3n.5aw. P 0.88720.0mA
Corn OFl + Waxea; (99.8) €99.4) (9.7 €98.5) 97.9)
50 ppm *
10 35 chick Diet » 5.0% 173.867.31% 106,240 38131, 77% 3171214488 g 84sc0,028
Gorn Ol + Waxes; (93.9) (96.3) (95.9) 92.1) (98.9)
5,000 pp
43 Chick Dict + 5.0% 165,924,908 108,524,688 57901682  304.8214.4%  0,90220,080%
Corn 01l + Waxes; (89.6) (98.4) (98.5) (88.4) (105.5)

15 10,000 ppm

Sy Chick Diet + 5.0% 134803825 104.3:3.99% 25.9¢1.028  276.0:17.4°  1.06800.0478
Corn OIL + 72.8) (96.6) {41.8) (80.2) (124.9)
Tocatriencl~Rich-

Fractfon; 50 ppa

20 &) Chick biet + 5.0% 180.266.0tA 106,008,578 62.621.68%  321.1219.3%  .85220.090°
lletha?ot tnseluble (97.4) (94.3) £101.1) B3 . 199.8)
Fraztion

1 Feeding perfod was & weeks; time of killing uas 0800 hours, The birds were fasted for 14
hours prior te killing, Data exprecsed ns means 2 8D; n = 5 chickens per group.

25 2 grmoles of mevalonic acid synthesized per minute per mg of micresomsl protein.
3 nemoies of (V% 7 a-hydroxycholesterol per ninuté per mg of microsomal protein.
4 porcentages of increases ar decreases are in parentheses,

A I’!mues not sharing & common superseript letter are different at P < 0.01.

The diets supplemented with sterols were not

30 effective in lowaring total serum or LDL-cholesterol
levels. The maximum decrease in total cholesterol
recorded with the sterol supplemented diet was 10.6%
and that for LDL-cholesterol vas oﬁly 6€.5%. Only a
marginal decrease was observed in hepatic enzymatic

35 actlivity of HMG-CoA reductase (11.6%). Conversely,
chickens fed the diet supplemented with the methanol
soluble fraction of the TRF recorded a substantial
decrease in the levels of total serum cholesterol
(27.2%), LDL-cholesterol (58.2%) and hepatic enszymatic

40 activity of HMG~CoA reductagse (19.8%). Therefore, the



Wet Heat stage: Ext ruder; Anderson 4 inch Screw Barre

Configuration: Standard Cut Flight Die Setup: 25

D amet er % 0. 1875 i nches Land: 0.75 inches Qper ati ng
Condi tions : Feed Rate: o 378 | bs/ hr Shaft Speed:

279 rpm 30 Steamiinjection: 36 | bs/hr (32 psi at #8 hole) Mechani cal
Pressure: 750 psi (est.) ~\bi st ure Feed: 11. 4% '

- 45- Di scharge Moisture: 15% D scharge Rate: 450 | bs/ hr

D scharge Tenp: 121]err]C

= 60 -

methanol soluble fraction of the TRF (containing the
tocotrienols according to this invention), rather than
sterols, was reasponsible for the impressive
cholesterol-reducing properties of rice bran oil.

L Example 9

This study was conducted to determine if
sterols were responsible for the reduction in serum
levels of various enzymes and blood constituents
cbsarved with rice bran. The feeding conditions

10 describad in Example 8 were used. The samples were
prepared as described in Example 8. '

The results are displayed below in Table V.
Percentages of increases or decreases are shown in
parentheses. '



Protocol I11-Drying/ Cooling Procedure 5 The wet heat

stabilized product of protocol Il (15% noi sture) was di scharged onto

al um numtrays and placed in a tray oven at 101.1[err]C until the

noi st ure content was 8-10% (approximately 1.5 hours). The trays

were then placed on tray racks and allowed to cool at 10 anbi ent

t enper ature (approxi matel y=20[err]C). Prot®col TV-G | Extraction

(Labor at ory Met hod) oil to hexane ratio: 1: 4 # of

washi ngs: 3 Extraction tenperature: 40[err]C 15

The hexane was renoved fromthe extract gy - mld heating (40[err]C)

under a mld vacuum Protocol V-QO 1| Exraction (Pilot Plant

Met hod) Gl to hexane ratio: 1: 4 # of washi ngs:

6 20 Extraction tenperature: 60[aseVC Anmpunt Extracted:

20 | bs Yi el d: ratt 16 I'bs defatted bran , et

4 | bs crude oil sm:e:ﬁ% NeKRERdNAS ailRiDV € drikduiaithd €3€  @actor aCt by 25

heating t0O- 115, BfréutanhlGrate’ (proles/ma/nin) (a7 98 W20l OWVIODMD xRVl On (G

Extracti on) D —t-ohexane—taiio- O Hmf

washi ngs: 5 1) chickOfet » 5.0%  61.62200Pt omEA t erpaeat unera.¢0[ ern anbi ent)

30 Anount BEsetnr @t tcbad t1°°-°§k20109-5’s§m "°°-°’£!Yi é!“EI-P’QgO “%:%50

16.4 |bs defattgdmB3fe o 5.0 a2t gl smzagh 15801268 6 Adiaiér ude o |
, ggrgil + Maxes;  (102,0)°  (101.4) €101.7) (94.6) (104.2)

10 3) Chick Dist ¢ 5.0% as.s;z.g' 9s.zu.g1" 12:.91;.52“ u.m,sa“ r.un.sg“
torn Ofl + Waxes; (103.8) ¢105.5) (99.8) (98.2) €102.3)

5,000 ppm
&3 Chick Diet + 5.0%  80.441.08 96.141.90A 1za.s=;.1a‘ 1s.ao1.§7“ 7.4:0.15“
Corn Oil + Waxes; 3 €105.5) {99.8) €108.6) {102.8)
18 10,000 ppm (98.5)
5) Chick Diet + 5.0K  68.5:2.18 73.201 498 as.msss‘ 12.4:1,62'- s.m.ga‘
corn it + LD 8L (69.3) (74.3) (79.2)

Tocotrienol-Rich-
Fraction; 50 ppm

20 &) chick blet + 5.0% as.m.;' m.sotsa‘ 11.152.45  15.4201 862 1.5».?9*

Nethanol €107.3) (99,2} (89.4) (52.2) €104.2
Insoluble
Fraction

1 Feading period was 4 weeks; time of killing was DBOO hours, l‘he birds were fasted

25 for 14 hours prior to killing. Data oxpressed as means & S0; n = & chickens per
SrouUp.
2 n-moles of NADPH onidized per minute per mg of cytosolic protein.
3 Percentages of fncreases or decreases are in parentheses.

A€ values not sharing o common superseript letter are different at P < 0.01.

30 These results show that the sterols are not
responsible for the reduction in the levels of
triglycerides, glucose, thromboxane B, or platelet
factor 4 levels observed with rice bran and its oil.
In fact, the sterols either increased or had no

35 sgignificant effact on the level of each of those
factors. Conversely, the chickens fed with the diet
supplemented with the methanol soluble fraction of the
TRF of Louisiana rice bran induced significant
decreases in all of these factors. )



The hexane was renoved fromthe extract by heating to 115.5[err]C.

-46 - Prot ocol VI I -Dewaxi na 20 | bs of
crude oil were refridgerated for 24 hours at 4[err]F (-15.6[err]C). The
super nat ant, which cont ai ned the dewaxed oil, was decanted fron the 5
solidified waxes. The waxes were then centrifuged to renove entrained
oil yielding waxes (0.59 Nes) and dawaxed oi |l (1S«407 | bs).

Exanple 2 -- Purification of P[err] The rice bran was
stabilized according to 10 protocol I. 1.0 g of the stabilized rice bran
was ground into a fine powder and extracted with 8 m of met hanol

I n a di sposabl e screw capped tube using € - shaker for 30 minutes. The
suspensi on was then centrifuged at 2000 rpmfor 10 mn. to recover the
15 net hanol |ayer, which was evapora vacuum at 40[err] C. The
remai ning dried residue was then extﬁgg?%ggEig with 4, | hexane by shaking

on a shaker for 3 mn. ohis study measured the effects of three
tocotrienols isolated from rice bran on cholesterol-
related enzyme activity in hepatocytes isolated from

5 livers of B-week old female chickens. The chickens

were fed the chick mash diet for 8 weeks. They were
then fasted for 40 hours and finally refed for 48 hours
before sacrifice. Tha hepatocytes were then prepared
following standard methods.

10 Each compound was isolated from TRF using the
following protocol: A bond Elute amine column was
egquilibrated with 2 ml hexane. 10 mg of TRF (dissolved
in 0.5 ml hexane) was bound to the amine column. The
column was washed with 1 ml of hexana, then with 1 ml

15 of 3% isopropanol in hexane. P-21 and P-25 were eluted
off the column with 5% isopropanol in hexane. Then
using 10% isopropanol in hexane, the impurity P-20 was
eluted. a-tocetriencl was also tested,

Thae results are displayed below in Tabkle VI.
20 Percentages of increases or decreases are shown in
parentheses.



foll owed by centrifugation at 2000 rpmfor 5 mn. The resul ting
supernatant was transferred into an injecting 20 vial, which was capped and
centrifuged again for 2 mn. Evaporation yiel ded the TRF.

Ten nmg of the TRF, which contai ned novel tocotrienol P25, was dissol ved
in 0.5 mM of hexane and . ,bound to a Bond Elute Am ne colum (1.0 m)
that was 25 first equilibrated with 2 ml hexane. Thé~col um was  then
washed with 1 m of hexane, followed by 1 m of 3% i sopropanol in
hexane. This step renoved nost of the known Tocol products. Then 1.0 m
of 5% i sopropanol I n hexane was rug gfirough the colum. The recovered
30 solution was evaporated, yielding 1.85 ng of P[err] and 0.44 g of
tocotrienol (P[err]). Finally, 1.0 m of 6% i sopropanol in hexane
followed by 1.0_m _10% Lsopropanol ™t Mexane was run throuah the
colum. The SRR | . . - AT -

resul t ant fractmg“\}\gria anal&?&'ﬁ,by HPLC. m.ﬂdace 35:3;::: 7?he P20 inpurity
was Vi sible on the HPLC tr acemeles/minmg moles/min/mg  pwoles/min/mg  Exanpl e 3

AM ne Col UMM P U0 a—t0RprathtehSrmhi G e Brdmie i ettt gt f | €d DY

HPLC to sepas atag a-Tacotrienol

1. 8.0 26.8 ¢100.03 17,2 (100.0) 2,31 (100.0
2. 10.0 1.4 (1.9 5.2 (88.4) 2.12 (.8
3. 20.0 7.3 (64.6) 14.3 (83,2) 2.27 (%9.T)
4. 40.0 16.7 (82.3) 124 (2.1 236 (101.B)

10 8) P~21 (Tocotrienol)
1, 0.0 26.8 (100.0) 17,2 t100.0) 2.31 (¢100.0)

2. 10.0 20.4 (76.1) 14.3  (83.1) 2.4 (104.3)
3. 200 1.7 (62,5} 12.7 (73.8) 3.40 (193.%
4.  40.0 14.2 (52.9) 11.8  (68.6) 2.39 (108.%)
15 5. 80.0 14,3 (53.4) 10.2 (59.3) 1.37 (102.6)
€y P-25
1. 0.0 26.8 (100.0) 17.2 ¢100.0) 2.31 (¢100.0)
2. 100 19.0 (70.9 6.2 (96.2) 2.353 {100.9)
3. 20.0 15.3 (57.D 1%.3 (83.1) 237 (102.61)
20 4.  40.0 12.6 (66.3) 2.7 (73.8) 2.4 (105.8)
5. 80.0 1.1 4142 : 12,1 (P0.3) 237 (102.8)
D) P20
1. 0.0 28.78¢100.0)
2. 25.0 2,21€101.5)
25 3. 5.0 28.A7¢100.3)
4, 100.0 T 28,21 (98.0)

T reeding period use 8 weaks; the birds ware fasted for 40 hrs. and refed for 48 hrs.
The hepatocytes were prepared at 10 PH from two livers by standard methods.

Pyg demonstrated very effective dose

30 dependant inhibition of HMG-CoA reductase with maximum
reductiona in activity of 46,.6% and 58.6%,
respectively. In faat, P,; exerted substantially
bhetter effects than the known hypercholesterolemie
agent, c-tocotrienol. a-tocotriencl showed a maximum

35 reduction of only 37.7%. P,o, the sterol contaminant,
showed no significant effect on the activity of HMG-
CoA reductase.



tocotrienol (P[err]) and Plerr]. The peak fractions from several runs

were coll ected and anal ysed by HPLC. The purified sanpl es each shoved a
single symmetrical peak as observed by UV and fl uorescence. The
following 10 anal ytical data was obtained for tocotrienol (P[err]) and
Plerr]: Tocetri enol VB(El) : ms 382[err] (nolecular
i on) bl 163 + 15 hd 123+
NVR (CDCl [err]): ' [err] 1.26 (s, H, 1.50-1.84 (m 4H),
1.58 (s, 9H), 1.66 (s, 3H), 1.90-2.15 (m 10H). 2.69 (t, J= 6.7 Hz,
2H), 4.23 (s, 1H, 5.07 (m 3H), 6.51-6.7 {m 20 2H), 6.63 (d, J= 8.5 Hz
, 1H). IR (film: “(cnferr]) 3400, 2990,
2950, 2876, 1500, 1458, 1240, 750. The M5 data
correspond to a nolecular fornmula 25 of C[err]Herr]O[err]. The pattern is
characteristic of the fragment at Epamplbsadved wWith [err]-, [err]-, and
y-tocotrienols as reported by Rao et al., "ldentification and

Estimati on of Tocopher ol Heamektr measmredothe ¢£00sgst af| variousy | s Usi ng Gas
Chr omat ogr aphy - dasstr3Rfels Odkd 'ecotiedfl-Yie conpouhdls Meolited)

op 2o 2i2 (LTelan i BEGH A s oLExifl o HGEEDE s ATty e '
(163.0759). Thea(pdnlg of shileilized icgi brar was extracted sdfdye of the side
chain 200.0 ml of methanol to remove various UV absorbing
impurities and tocotriencls (6.7 my total). This step
was repeated four times. The remaining residue was
dried under vacuum in a desiccator and then heated at
10 180°C for 2 hrs under 30 psi pressure. Then the dried
residue was extracted again with 200.0 ml methanol
(3.4 mg). The various peaks were purified by HPLC
except 100 ul was injected instead of 20pl. Twenty
runs were done to obtain enough material for this
15 study. The peaks which eluted at 32, 36, 45 and 54
minutes were tested in chicken hepatocytes as in
Example 10.

Tha results of the HMG-CoA reductase assay
are displayed balow in Table VII.

20 TASLE V1]

concentration’ __iMG-Cod Reduotase (owoles/win/mg of micrasame)

tug/mt) P32 P-36 PeiS P54

1 0.00 B8 B8 28.78 .7

2)  10.00 .67 BB 22.61 25.46
25 3 0.0 1 20012 20.33 19.67

& 30,00 1836  17.2% 19.67 2011

5. 40.00 1659  17.34 18.21 18.19

6 50.00 16.69 15.21 18,40 18.20

1 Feeding period was 3 weeks; the birds were fasted for 40 hrs. and refed for 48 hrs,

30 The hepatocytes Were prepared at 10 PX from tws livers by standard methods.

Bach of these compounds demonstrated an
ability to inhibit the activity of HMG-CoA reductase.



- 48- by the breakdown of the chrouman structure wth hydrogen
rearrangenent and | oss of a nethyl acetylene fragnment

(CHerr]-C=CH err]). The NMR spectra is identical to that of
T[err], 5 except that the nethyl group on the benzene ring at [ferr]
2.2 normally present in T[err] is mssing in the spectrum of Plerr].
The IR indicates the preserice of a phunolic CH‘gfoup at 3700 cnferr], a
benzene ring at 1650 cnferr] and a 10 chroman ring at 1680 cnjerr].

Based on these data, the structure of P21 was identified as

desmet hyl -tocotrienol (3;4-di hydro-2- _ ggnpthyl-2-(4,8,
12-trimethyltritdeca-3'" (E),7 (E), 11' -

trlsnyl) 2H 1- benzopyr an- 6-ol): [err]
Most notably, P,q showed a 47% maximum reduction of
activity.
Exagple 12

This example measured the effects of the TRF
5 and its components on the hepatic enzymatic activity of
HMG~-COoA reductase and cholesterol 7e~hydroxylase. Each
group of 12 chickens ts-week'old female white leghorn)
was administered either a control diet or a control
diet supplemented with the TRF, a component of the TRF
10 a commercial cholesterol inhibitor (either Lovastatin
or Geraniol) or a combination of the commercial
inhibitors. The amount of feed consumed ranged from
11.19-11.60 g per chicken and the feeding period was 4
weeks. The birds were fasted for a period of 36 hours
15 and refed for 48 hours prior to sacrifice (at

0800 hours).
The TRF {entry 2) was prepared as described

in Example 10. Geraniol was obtained from Sigma
Chemical Co. and Lovastatin was obtained under the

320 brand name LOVOCOR.
The chicken diet for this study contained the

following ingredients:

Ingrédients Percentage

Corn (9.3% protein) _ 61.5
25 Soybean Meal 30,0

(44.0% protein)

Meat scrap 5.0

{56.0% protein)

Calcium Carbonate 0.5
30 Dicalciun Phosphate 1.0

Alfalfa (17% protein) 1.0

Mineral Mixture? 0.5



m e 386+ (nol ecular ion) 20 175+

149 + 123 + NVR (CDCL[err]):
[err] 1.58 (s, 3H), 1.59 (s, 3H), 1.62 (s, 25 3H), 1.67 (s, 3H, 1.73 (m
2H), 1.90-2.08 (m 10H), 2.19 (m 2H), 2.63-2.85 (m 2H), 3.89 (m 1H),
4. 30 (br. s, 1H), 5.07.(m 2H), 5.14 (t, J= 7.9 Hz, 1H)), 6.51 (d,
J= 2.9 Hz, 1H), 6.56 (d of\"d’f J=2.9, 8.6 Hz, 1H™ 6.66 E(d, J= 8.6
Hz,1H). 30 IR (film:
- 49 - ' (cnferr]) 3388, 2924, 1494, 1450, 1352,
1280, 1218, 1080. - 66 = '

vitamin Mixture® 0.5

8 Mineral mixture contained per kg feed: 2inc sulfate,
50 mg; sodium chloride, 2.0 mg; and manganese dioxide,
50.0 mg.

5 P vitamin mixture contained per kg feed: vitamin A,
2,000 units; vitamin D, 200 units; vitamin E,
10 units, riboflavin, 3.6 mng; vitamin By, 0.01 mg; and
vitamin K¢, 0.50 mng.

The results are displayed below in
10 Table VIII. Percentages of increases or decreases are
in parentheses.



The M5 data correspond to a nolecular fornula of Jerr]Herr](err].
The pattern is characteristic of the 5 fragnentation observed for
[err]-tocotrienol, except that the nethyl on the chroman ring adjacent
to oxygen is m ssi ng. The NVMR spectra is simlar to that
of dessethyl -T[err]. 10 The IR indicates the presence of a
phenol i c OH group at ‘8888 cnferr], a benzene riwg at 1494 cnferr] and a
- chroman ring at 1352 cnferr]. Based on these data, the
structure of Plerr] was identified as didesnethyl-tocotrienol
(3,4-dihydro-2- 15 (4,8, 12-trinethyltrigdeca-3' (E),7' (E), 11-trienyl)-2H
1- benzopyran-6-ol): [err] Exanple 4 -- Isolation and .
Purification of P[err] and P[err] The rice bran was
stabilized according to 20 protocol | tasdk.vii1g of the stabilized rice bran

was ground 1nto a fi1ne power and m crowaved Tor ?mré't‘Jtes (in 1
mnute intervals) to rel ease any bound Tmfmz and T[err],,—.,,’l::;';: ske
\ 7 m of

conpounds.. Thessdigénanaateld ri ce bran was pdietin/mg Xt r acime .
met hanol in_a dj sposabl e rew 25 capped Ing a sh r.lar 30

mnutes. Th8 " ‘ﬂ'g%e"h?i‘%ﬁ was then cerﬁé%gﬁgo d at 200@3?:%’9"%0r about 5
m nutes. The supernatant was renoved and the_ ngthanol was sgvaporat ed
under vacuum at? 48] LRI 9 resul ting m:;’g‘-a 10.80+4.1

¢105,00)
B A
3) C0¢a- Tg; 50 pen 4590204505 10,69+Q, 20
10 ¥ ey 106038
c
© D+y- T 50 pm 401.9945.84 10.97s0.17*
s (78.32) 1o so8
5 0+ & - Ty 50 ppn sao.az:g.u“ 10.9832.14‘\
75.43) {107.44)
15 6 b+ P21ty 50 pom 378.787,99° 114910208
(72.8%) C112.43)
7} @ ¢ P-25-Tg; 50 pem 365. 102, 66° 11.3920.26°
(71.3%) €141.45)
8) D + Geraniol; 100 pem 449.89:12.028 10,282,274

20 ¢87.65) ¢100.59)

9) © + Lovastatin; 100 ppm 527.11313.93‘ 11.34:2.31‘
- £102.49) (110,9%)

10) €D * geraniol+lovastatin uz.ml.u' 11.36:3.11’
S0 ppm « 50 ppn (86.21) {109, 98)

25 1 Feeding period uas & weeks. Time of sacrificing was 0800 hr. The birds were fasted
for 36 hrs. and refed A8 hrs, at the end of feeding period (28 days), and then
sacrificed. Data expressed as means 2 30; n = 12 birds per group,
meoles of Hm-cn.femod per ninute per ng of microsomal protein,
fmwles of [M¥cl-cholesteral into £™-c) 7-a-hydroxycholesterol per minute per ng of

30 microsemal protein.

4 percentages of increases are in parentheses.
AD yytues ot shering a common superscript letter are different at P < 0.01.

Pyg Was the best inhibitor of HMG-CoA
reductase., The enzymatic activity of HMG-CoA reductase
35 was reduced by about 28% with Pp;, while twice the
amount of the commercial cholesterol-lowering drugs
provided a maximum reduction of only about 13%. These
data indicate that the fused oxygen heterocycle of the
tocotrienols increases the bioclogical activity as
40 compared with a single ring system, such as Geraniol.



- 50 - residue contained a mxture of free and previously bound

Tlerr] and T[err]-like conpounds. The residue was di ssol ved
in 250 [err]l (200 np) of hexane and applied to a 1 m Bond Elute
amne colum 5 that was first equilibrated with 2 ml of hexane. The
colum was then washed with 1 m of hexane. Then 0.5 m aliquots of
the followi ng solvents were el uted t hrough t he~eol umm successi vel y:
0.5% i sopropanol in hexane, 1.0% i sopropanol in hexane, 1.5%

i sopropanol in 10 hexane, 2.0% i sopropanol in hexane, 2.5% i sopropanol in
hexane and 3% i sopropanol in hexane. Fi 25%3' y, the col um was washed
with 0.5 mM of 10% i sopropanol in The resultant fractions were
anal yzed and the fractions containing P[err] and P[err] were conbi ned

(only the 15 fWea®el8baCERdteG Qﬁrgalgg, %taﬁ) mk rﬂw}_@e i n hexane
cont ai ned P[er ;alddig ; c}] ant .anunt s I.n
order to separ 8P f VIr‘i"["é'r’r] '@t" gon ‘i +®¥hs identical to those
descri bed i n t Fubstituents iswch os mbomdeaj hgdrexyls laatd @ikyldsncentrati on

of 20 isopropaag a18s endrasetel b i?cr%%’ tagt&)v?%'& hexane. Under
d

{hose cond ' oot Lpon S e om0 2 310 S

Example 13

We next studied the effects of the TRF and
its components en total serum cholesterol levels, the
HDL-cholesterol/total cholesterol ratio and the HDL=

10 /LDL~-cholesterol ratio. Feeding conditions were
identical to those in Example 12.

The samples were prepared as described in

Example 12.

The results are displayed below in Table IX.
15 Percentages of increases or decreases are in
parentheses.



eluted at 15 m nutes.

The peak fractions were

col l ected and anal yzed by

HPLC. These purified sanples each showed a single symetrical peak as
observed by Uv 25 and fluorescence. The follow ng anal ytical data was
obtained for Plerr] and Plerr]: Plerr]: MS(El): me 380+
(nol ecul ar ion) 161+ 30 mol ecul ar
formula: (Jerr]JHerr]0 S’ nol ecul ar wei g (actuall):

380. 3084 (cal cul ated): 380.3079

The fragnentation pattern-was simlar to that of Pl[err] and P[err]. The

peak at me 161+ indicates |oss of 35 _té? Cderr]Herr] side chain giving
Based on

rise to CJerr]Herr] QO

i dentified:

51 - these data, the following structure for Plerr] was
[err] TABLE IX
teation in 8 o
1 Total KDL~ LbL- HDL-Chotlesteral/ MDL-Cholesterol/
NUTR1TIONAL STATE Cholesterol Cholesterol Cholestercl Totsl Cholesterol LDL-Cholesterol
5 1) Control Dist (CD) 142.77:}.915‘ as.“q.as‘ ss.usag.m‘ 0.9 , 1.82 ,
(100,00) €100.00)% (100,00 £100,00) €100.00)
2) CO+TRF - RBO  125.1081.50F 78.7121.068 43.4720.78% 0.63 1.81
50 ‘ppn (87.62) (94.08) (73,95) (102,40) (119,20
3 Dee-Tq 131.7121.08°  80.47:0,678 47.9720.56° 0.81 1.68
10 50 pem (92.25) 196.19) 187,12 £104.30) £110.4D)
O DryrTy 116.86:1.47%  78.3940.96% 37.52:0,010 0.67 2.9
50 pem (81.85) (93.70) (68.14) (114,50 (157,50
B) @+ 813 196000417 77.8720.97% 36.1420.07° 0.65 2.15
D pee (83,.63) {93.08) (55.64) (111,30 (141.80)
16 6 oep21-Ty  92.911.27F 68.8841,52C 22.1600.57F 0.7 3.1
50 ppm {£5.08) (82.33) 140,25) €126.50) (204.60)
N o@ep-Ty 5Lt 2028 momr® on 3.03
50 pem £66.90) (83.82) (1.7 125.30) €200.66)
8) € + Gerenfot 122,5321.37°  82.28s1.06% 41.0721.13F 0.85 2.00
20 100 ppm (85.82) (98,353 (96.30) {110.10) ¢121.50)
9) o0 + Lovastatin  128.8541.02° 81.38:0.73% 44.12¢1.24P 0.63 1.8
100 ppm (90.11) (57.28) (86.51) £108.00) (121.40)
10) £ + Geranfol +  119,9220.91° 80.9500.62% 41.3151.13% 0.67 1.96
Lovastating {84,003 (96.7Th) (89.29" {115.20) €128.50)
25 50 ppm + 50 pen

30

35

40

1 feeding pariod was 4 weeks. Time of drawing the blood was 0800 he. Data axpressed as means t

3; n = 12 birds per group.
2 Percentages of increases ér decreaseg are in parentheses.

AF valyes not sharing common superseript letter re different at P < 0,01.

P,; and P,; decreased the levels of serum
cholastercl to a substantially greater degree than any
other compound tested, including Lovastatin and
Geraniol. P,z caused about a 33% reduction. 1In
comparison, Geraniol effected a 14% reduction and.
Lovastatin caused only a 10% reduction. P, and Pog
were also clearly superior than the other compounds in
increasing the HDL~/LDL-cholestercl ratio.- Both of
these compounds induced over a 100% increase in the
HDL~/LDL~cholesterol ratio, while Lovastatin and
Geraniol increased the ratio by a maximum of 31.5%.



MS (El): mle 424+ (nol ecular ion) 5 205+

nol ecul ar formula: derr]JHerr]Herr]Jerr] nol ecul ar wei ght
(actual): 424. 3010 (cal cul ated: 424.2977

The fragnentation pattern was again simlar 10 to that of Plerr] and .
P[err]. Based upon these data, the follow ng structure for Plerr] was

i dentifi ed: [err] ' ' Exawpl e 5 The
effects of different rice brans on the serum | evel s of total

chol esterol, HDL-chol esterol, 15 LDL-chol esterolr apolipoprotein (a)l and
apol i poprotein B was determned in chickgps. The foll ow ng
protocols were perfornmed to yield the 'sanples displayed in Table I: .
entry 5. protocol I 20 entry 6: protocol |, followed by protocol [|V.
Al'l other sanples were obtained fromcomercially avai | abl e sources.

Chi ckens were chosen.as our initial mmﬁgh;e 1ecause they synthesi ze
cholesterol in the liver using 25 a nechanismsimlar to that of hunmans
(unli ke rats and m ce Wehaext ymedmuriade thkokffeatsolofi BRFhand nisst i nes) .

components on serum levels of apolipoprotein (a),,
apolipoprotein B, triglycerides and glucose and the
S plasma levels of thromboxane B, and platelet factor 4.
Feeding conditions were identical to Example 12.
The samples were prepared as described in
Example 12. )

The results are displayed below in Table X.
10 Percentages of increases or decreases are in
parentheses.



-52-
was adm ni stered either
contai ning a 20% equi val

Each group of chickens (6 -week old fenale white

a chick mash control diet or
ent of a test rice bran. The

| eghor n)
a control diet
anount of feed

consuned by all

5 groups was conparable to the control

group and the

feedi ng period was 4 weeks.

The birds were fasted for

a period of 14

hours prior to-sacrifice &t 0800 hours) . A The chi cken
mash di et contained the follow ng 10 ingredients: | ngr edi ent
Wi ght (9g) Corn (8.8% protein) 615. 0
soybean Meal 335.0 71 - Corn Q|
10.0 15 Cal ci'um Car bonat e 10.0
Di cal ci um Phosphat e 20.0
TABLE X
' Throsboxane  Platelet
wuteitfonal state’ APOA,  APO B  Triglycerides  Glucose By (p@/ml)  Facter 4
5 (ng/ml)
1) Control diet (COM40. B0 7%.03 224.30 25.84 13.09
91.:3‘ g, s0.28%  atach 18.30% :o.u‘z gc.sv‘z
€100,00)< ¢100.00)%  (100.00) €100.00)%  ¢(100.000*  (100.00)
2) CD + TRF-RBO;  140. 2.9 64.73 212.50 20.55 9.47
10 50 ppm :.3& 10.288 10938 10,988 10958 10,430
(99.86) (87,31 (87.44) (94.74) (79.53)  (73.81)
3 Dea-Tqe 1.6 3, 68,04 216,90 21.63 8.78
0pn o g S 11,32 #1.628 0,858  a0.mC
(99.43)  (83.52) 1.9 (96.70) (83.71)  (67.07)
1S &) epey-14 139, 29.93 61.07 208.70 19.2 8.35
opn ¥ i A 41.37° 141 10, «0.79°
(.57 (89.21) (82.49) (93.05) (76.38)  (63.87)
5 e+ 8-15 13930 2730 60.50 208,30 18.68 B.23
50 ppm 4R s0.8 £2.5 1.8 10,99 +0,
20 (99.22)  (B2.48) 81.72) €91.53) (72.17)  (62.87)
63 CD + P-21-Tq:  138.4 25.40 56.22 198.80 16.7%% 7.76
Sopm  © seh s0.40C amE 2.0 a.8%  ale®
98.79)  (76.74) (75.94) (88,63) (64.78)  (59.28)
7 e P21, 138, .20 54,65 196.10 16,42 7.27
25 S0 pam 2. zz.;a 10.40% 11,425 21740 $1.36°  40.%°
(98.78) (76,13} (73.82) (87.43) (63.54)  (55.54)
8) o » Gereniol; 138.4 29.20 . 227.60 25.46 12.
Wope s, 0458 s 2.03%  e1.528 2126
(98.98)  (88.22) (96.30) €101.47) (98.53)  (%4.57)
30 9 D ¢ Lovastatin; 139. 25.50 64,04 220.10 24,89 12.26
100 ppo I 21.03" +1.32° 20.88R 41098
(99.29) (77.9%) (86.51) (58.13) (96.32)  (93.59)
10) ¢ + Geranfol + 139. 5.9 .10 21.70 24.95 12.19
Lovastating a&.:a 10.34° 10,098 11.89° 20,97 11,158
35 50 ppm + 50 ppm (99.43) (70400 (39.29) (98.84) (96.56)  (93.12)
1 Feeding perfod was 4 weeks. Time of drewing the blood was 0800 hr, Data expressed as
means s $0; h = 12 birds per group.
2 percentages of Increases or decreases are ih parentheses.
A-F yalues not sharing a common superseript Lletter are different at P < 0,01.
40 Py, and P,; were the most potent cholesterol

inhibito rs.

They effected the highest Apo A, to Apo B

ratio and resulted in the maximum decrease in serum

levels of triglycerides and glucose. In

_ addition, they

2lso raduced plasma levels of thromboxane B, and



| odi zed Salt 5.0 M neral M xture[err]

2.5 Vitamn M xtureb ' 2.5 20 [err] M neral

m xture contai ned per kg feed: zinc sulfate’ Herr]O 110 ng; manganese
sulfate 5Herr] O 70 ny; ferric citrate H err] O 500.0 ng; copper
sulfate 5Herr]O0, 160 ng; sodiumselenite, 0.2 ng; DL-nethionane,
2.5 g; choline chlorides(50%, 1.5 g; ethoxyqui Ra 1, 2-di hydro- 25

6- et hoxy-2, 2, 4-trinet hyl qui noline), 125 ny; and thiam ne-HC , 1.8 ng.
[err] Vitamin m xture contained per kg feed: vitamn A, 1,500 units;
vitamn Derr], 400 units; vitamn E, 10 units, riboflavin, 3.6 ny;

cal ci um pant ot henate, 30 10.0 ny; ni act 2 25.0 ng; pyridoxine-HA, 3.0 ny;
folacin, 0.55 ng; biotin, 0.15 ng; vitamn B[err], 0.01 ng; and vitamn

Fggrrl, 0.55 Mpjatelet factor 4 to a greater extent than any other
compound tested.

Example 18

We next measured the effects of various
$ tocotriencols from rice bran on HMG-CoA reductase and
cholesterol 7a-hydroxylase in hypercholesterolemic
swine. B8ince pigs are very similar to humans in their
cholestercl metabolism, they provide a useful model
from which to study hypercholesterclemia and related

10 diseases. The pigs used in this study carried Lpd5 and
1pu! mutant alleles for apolipoprotein B and U.
Because of this genetic defect, these pigs demonstrate
spontaneocusly elevated LDL-cholesterol levels and
hypercholesterolemia. The serum cholesterol

15 concentration in these swine is typically above 300~
500 mg/dl, as compared to 120-160 mg/dl in normal adult
gwine. As a result, the pigs develop complicated
atherosclerotic plaques that closely resemble advanced
atherosclerotic lesions found in humans.

20 Each group of three S-month ©ld swine was
administered either a control diet or a control diet
supplemented with 50 ppm of TRF or 50 ppm of an
individual tocotrienol. The samples were prepared as
described in Example 11. After a 12 hour fast, serum

25 and plasma samplei were taken at 0 hrs, 21 days and
42 days from the start of the feeding period. After
taking serum and plasma samples from the pigs at the
end of the 42 day period, all of the swine were fasted
for a total of 40 hours, followed by a 48 hour

30 refeeding period. One swine from each group was
sacrificed at that time and the iiver, intestine, lung,
heart, loin muscle, adipose tissue and ham muscle were
removed. ' ' '



The results are displayed belowin Table I. Per cent ages of increases

or decreases are shown in par ent heses.

TABLE 1 5 Concentration in
Serum (ng/ 100/ M) Nutritional state[err] Total Chol. HDL- Chol
LDL- Chol . Apo- Al err] Apo- B 1) Control Goup chick
165.926.[err] 1042, 4.61AN7. pgj-A 132.9s3,p 31lw#l. 1 Hai t
(CTL) (100. 0) (100. 0) (100. 0) (100. 0) (100. 0)

2) Cellulose (20% Equ.) 155.4[err]3.5[err] 96.0[err]4.99[err]
42.6[err]4.12[err] 126.8[err]3.81[err]_.30.4[err]1.31[err] 10

(93.7) (92.1) (85.9) (95.%5 - (96.8) - 3) California
Rice Bran 151.2[err]3.7[err] 100.4[err]3.42[err] 39. 0[err]4.22[err]
1258l err]4.78(er ] 25. Shelibdnd iRl bontainea thgl 28145541 (91.1)
(96.4 oursrana Ri ce Bran
142.0[err]4 3[e4q%rEdlfﬁf ?[err]6 41[err] 34 6[err]3 09[err]

13Z.0[err] 3.84[err] 27.6[err] 1. 41[err] (20% Equ.) (85.6)
(97. 6) (72.2) Ingraliente (87.9) 15  Bercengsgs ana Rice Bran
128.5[err]4.0[err] 98. 1 err 7. 25 err 31.4[err] 2. 72$err]
133.2[err]32[err] 25.7F e n) St aBBt3%ed (77.5)
(94.1) §65.6). (81 8) 0% Equ.) 6)
Loui sl ana che Bran . ggé zéﬁ? 4 100.2[errfﬁ err]

42. 4[err]3.01[ err] g%[err] 28. 7[err] 1. 31[err]

Defatted (20% Equ.) (8&e®) (96 2) (88.5)3.00 (94.6) (91. 4)
20 7) Commercial Rice Bran 150.0*4.6[err] 98.9[err]6.89[err]
40.6[err]3.88[err]  1ealdjuw Caxrbbfiftar] 29.0[err]d.o6[err] (20%
Equ.) (90. 4) (94.9 (84.8) (94. 1) (92. 4)

1 Feeding period wasDkcajtius Phpgphate kil |ing we - BBO0 hours. The birds

we fested or hQurs i or to Killin Dat expressed as neans
[err] SD; r‘il‘J 6 chrcke%%“ﬁfeaﬁ reé Per ceft3fyes of increases or

decrease are in parent o r values not ring a conmon

superscri pt Iettgr aréa I erenftg% P L 0. 01. lﬁﬂ? ° The

di et which included stabilized rice bran denonstrat ed superi or

chol esterol refutimgsicmivtuye contaide@pes R dd einbhguppdier diets. It

advant ageousl yHi ¢+ 110 e edinyaneddlavlfatessrie) 7oewg; P¥rsieost 35% while
trate H,0, 500.0 mg; copper sulfate 5H 20, 16.0 mg;

15 sodium selenite, 0.2 mg; DL-methionine, 2 % g; choline
chloride (50%), 1.5 g; ethoxyquin (1,2~-dihydro-6-
ethoxy=-2,2,4=trimethyl-quinoline), 125 mg; and
thiamxne-ncl, 1.8 mg.

b Vitamin mixture contained per kg feed: vitamin A,

20 1,500 units; vitamin D,, 400 unitsg; vitamin E, 10
units, r;boflavxn. 3.6"mg; calcium pantothenate, 10.0
mg; niacin, 25.0 mg; pyridoxine-HCl, 3.0 mg; folacin,
0.55 mg; biotin, 0.15 mg; vitamin Byg, 0.01 my; and
vitanin K1' 0.55 ng.

25 The gain in body weight in all groups was
comparable to the control, although feed conversion

efficiency increased 7% with Py, and 10% with P,;.

The results of this study are displayed in
Table XI. Percentages of increases and decreases are
30 shown in parentheses.



30 lowering the HDL-chol esterol level by only 5.9% as conpared to

the control diet. |In addition, it i ncreased the ratio of _
apol i poprotein (a)[err] to apol i poprotein B by 21% This ratio is
used as an i ndi cator for assessnent of risk for coronary heart-35

di sease (see Naito et al., "The Cinical Significance

-54 Of Apol i poprot e Measurenents,"” J. Cin. ™ munoassay, 9(1), -
pp. 11-20 (1986)). Exanpl e 6 e
next determ ned the effects of different 5 rice brans on the hepatic
enzymatic activities of HMG - CoA redyctase, chol esterol 7a-hydroxyl ase

and fatty

and glucose in chickens fed with them The feeding

acid synthetase, and the serumlevels of triglycerides
conditions were

identical to those described in 10 Exanmk® 5. The sanples were prepared as

described in
in Table I1.
parentheses.5

10

15

20

a5

Exanpl e 5. 1he r%sults are displayed bel ow
Per cent ages of i ncr%%%ﬁ_ﬁﬂ{ﬁ;%’e‘é"ﬂf’é’ﬁngm in
: Feeding Periocd "~ of Control
1 Activity
NUTRITIONAL STATE 0-Time 2 days 42 days
Hypercholesterolemic 355,49 376.% 3938
Swine . 28,44 413.38 215.7%
. £100.00) (105.28) (110.09) 100.00*
2)  Control Diet (LD) .
3)  CDTRF RB-oil; 50 ppm 348,92 300,72 285.13
£10.82 £10.53 £15.58
¢100,00) €85.19) (81.72) 74,232
216.29 210.53 212,81 3
(100.00) £86.19) (80.71) 73.31
50 ppm : +23.55 £23.13 £12.76
£100.00) (89.33) (81.02) 73.598
6) a»+p-zs-ra; $50.86  No07.27 269.43
50 ppm +123.79 +23.34 £13.23
(100.00) (87.58) 76.79) 9.758
1 Cornestybean meal control dist or experimental diets were fed to 5-month-old swine for
42 days. Then all groups were fasted for 40 hrs. and refed for 4B days. - The time of
sacrificing wae 9:00 a.m. All tissues were kept on ice, TRF = Tocotrienol=Rich-
Fraction.
2

Data expresgg__d 8% means + 503 n = 6 sanples of 3 suine per group;

A-B Valuss not sharing ¢ common superacript letter are different at P < 0.01,



- 55 - ' TABLE 11
Hepati e Enaynmatic Activities Nutritional State[err] HMG CoA
Chol est er ol Fatty Acid Serum Serum
Reduct ase 7a. Hydr oxyl ase Synt het ase triglycerides 3 uose
(prol es/mg/mn)[err](moles/nmg/mn)[err](nnmoltes/mg/mn)[err](ng/ 100 m)
(mg/ 100 m) 1) Cowrer ol Group Chik 405. 3[ erw#15. 5[ err] ,
0.808[err]062[err] 69.0[err]3.40[err] 75.7[err3.34[err]
109.8[err] 3 50[err] Mash (CTL) (100.0)[err]
(100.0)[err] (100.0)[err] (100.0)[err] (100.0)[err]
2) Cel | ul ose (20% Equ.) 417.0[err] 14 BFefr] 0.882[err].031[err] :
58. 7[err] 2.25[err] 69.4[err]2.93[err] 100.9[err] 1.89[err]
(102.9) (109. 2) (85.1) (91.7) (912.8) 10 3)
Cali forni a R ce=Breamrsz#t—2ferri7oferri—o85tferrio—osferri
55.1[err]4.59[err] 65. 4] err] 2. 8/4essTeRoL 7a-Dyghoxy GF%IGNIM $foniqrisomes
Peramaa:86- 4)

(20% Equ. ) (83.9) (105, SjReriencet of Contr
(87.5) Loui si ana Ri ce_BLa.D_’z.S.E.LﬂLLj.lL.&Le r] Activity
Zlorr] Kbime ] 2idys  g¥2dever 11 Gllerr]

0.935[ err] 0504 HIONAL STATR 7 21 days
93. 1[err] 2. 20] Wrghulestorolqnic (20%¢EQU. )  s.00 6% 3) (115.7)
(99. 6) 8. 5 (8.®B), 20, )E Leoust | na Rige Bran
311. 7[ err] 14. GL er um °‘0°*§§3ﬁer r]o. U9>“§ﬂ° rr]B465] er rq- ‘?? [ er fop-0o
63.9[err] 92 err [err]1.38[err] 15 Stablllzed (20%
(76.9) 10 $116P+DY Ra-oit; 306@5 1) 4.58 (o 2.3)
Equ. ) 6)  Louislana Rice ana:ﬁ_ S%ﬂ,err] ]‘]ﬁ,‘éﬂ err] . ”A
0.82[err]0.028[err] 70. 4[err]2 12 err’] 72.3[err 6’[err
99. 3[ err] 1. 63[ 8rr f™rTal 50 gr‘gd (2036Fqu.) £95.9) (10% 4)
(102.0) 18 (95.6) (9051 £100.89) (102.00) U
5)  COesmethyl-Ty; 4,53 4,50 4,63
(P-213; 50 ppm 20.10 20.18 £0.56
€100,00) (99.34) (102.21) v8.38*
6)  ChoDidesmethyl-Ty; 4,57 4.62 4.68
20 (P-25); 50 ppm 20.19 20,19 20.18 A
€100.00) €101,093 (102,41 98.58

Corn-soybesn meat control diet or experimental diets wers fed to S-month-old swine for
42 days, Then all groups were fasted for 40 hrs. end refed for 48 days. The time of
storificing was 9:00 a.m.  All tissues were kept on ice, TRF = Tecotrienol-Rich-

a5 Fraction,

bata expressed as means £ 503 n = & sewples of 3 swine per group;

Percentages of incranses or decreases in respect to beseline value,

AB Values not gharing 3 common superseript letter are different at P < 0.01.

The hepatic enzymatic activity of the HMG-

30 CoA reductase decreased approximately 30% with all the
tocotrienols tested. In addition, there was no
significant decrease in the activity of cholesterocl 7a-
hydroxylase. These results were all time dependent and
point to an overall reduction in cholesterogenesis,

35 with no increase in cholesterol biosynthesis.

Exan 16

Further tests were conducted on the swine
described in Example 16. The experimenthl conditions
vere the same, except that the two remaining swine in

40 each group vwere transferred to the unsupplemented



72 Commrcial Rice Bran 371.2[err]15.5[err] 0.850[err]0.034[err]

64. 7[err] 3. 66[ err] 70.9[err] 1. 61[err] 101. 2[err]1.21[err] 20
(20% Equ.) (91.6 (10% 2) (93.8) (95.7)
(92.1) Feedi ng period was four weeks; tinme of killing was 0800
hours. The birds were fasted for 14 hours prior to killing.
Dat a expressed as neans [s#r] SD;, n = 6 chickens petegroup.

Percent ages of increases or decreases are in parentheses. 3

p- nol es of noval oni c acid synthesized per m nute per ng of mcrasonal
protein. 25 4 n-noles of [[err]]- Qiogesterol into [[err]c]

7-[err]-hydroxyehol esterol per minute P m ocr onel _
protein. 5 n-nol es of NADPH oxi di zed per mnute per ng of cytosolic
protein. J&k&blVéh&Esfdlqtow‘iHartﬂQ & %@T&Qea!ﬂéfﬁﬂzdﬁ letter are
different at P < own in Table I, the
i et i ch 30 ATSATARHCA0IEIANAL, 20 #Ave, Herym,ABA RIAFRR AARpIES

reduction (ovewe2@%cellectehfxdn these swine aftdrea)ll rhour fasthe activity

of HMG CoA red %ﬁstiﬁ rate-limting enzynme of chol esterol
bi osynt hesim wever activity of the enzyrre respon5| ble for the

degradati on 35 of chol cEhe EMMPLERCVRES ATEPaYSdnya dgsarided dBs not
substantial ly @EhepledizFurthernore, this diet reduced the serum
| evel s of triglycerides (fats) and gl ucose by 15.5% and 17. 7%

respectively.
P Y The results of these studies are displayed

below in Tables XII-XV, Percentages of increases and
decreases are shown in parentheses.

10 ) TABLE XiI
101 CONCENTRATION IN SERLM (ma/100ml)=
) Experimentat lhats Percentage Control Diet  Pergentage
1 Eegdling Perind __  of Control ge_g ng period of Control
MUTRITICHAL STATE D-Time 21 days 42 dave Activity days Activity
15  Normolipemic Swine
1) Control Diet (CD) 116.53  131.83  142.% 147.20
tsus 26663 3253 1&.453
€100.00)° (113.19)° ¢122.299° -~ (126.32) --
Wypercholesterolemic
20 sxine 228.63  251.07  356.87 3%,56
2) Control Diet,(fh) £21.89 16,82  8.69 A 213,50 - A
¢100.00) (110.02) (195.79) 100,00 (164,60) 160,00
3) CO+TRF RD-ail} 206.43 222.00  243.03 285.77
50 ppm 218,43  215.73  s12.28 5 14,00 s
25 (100,00) (107.39) (117.72) 75.00 $139.16) 84.60
4) ChoyTy; SO pem 209,73  225.20 23393 7.7
£8.50 48.36 48,35 8 6,84
€100.00) ¢107.39) (111,76)  71.00 1129.66) 78.808
5) D#P-21sTy; 220.50 236,40  238.17 276.23
30 50 ppm $16.54 218,17 214,29 215.93
' (100.00) (107.20) (108.20) 68.908  (15.39) 76,208
8) CD+P-25-Tgs 216,20 229,90 237,85 263,90
50 ppm 212,50 213,87 212,18 3 £11.41
(100,00) ¢106.33) (€107.80)  &3.50 ¢124.45) 75.608

35 1 Feeding period uss 6 wecks. Tine of dreing the blood was 0.009 hr. after fasted for 12
hrs.; TRF = Tocotrienal<Rich-Fraction.

Data expressed as means 2 5D; h = 6 samples of 3 suine per group.
Pergentages of increases or decremses in respect to baseline vnlu;.

AB values nat sharing o commen superseript Letter are different at P < 0.01.



Exampl e 7 We next conpared the effects of rice bran oils
extracted from various sources on serumlipid paraneter of chickens fed
with diets supplenented with 5 those oils. Each group of 6 chickens
(6-week ol d femal e white | eghorn) was fed the chicken mash diet .
described in Exanple 5 for 14 days. Following this - peri od, the chickens
were fed a diet consistingrsof the chi cken mash et containing a 5%
suppl ement of various 10 oils. The control diet included a supplenent of
5% corn oil. After 4 weeks, the birds were fasted for 36 hours and
then refed for 48 hours prior to sacrifice (at 0800 hours). The anpunt
of feed consuned by all groups was™ c?(?rrp'arabl e to the control group. The
15 foll owi ng protocols were performed to y| el d the sanpl es di spl ayed in
Table 111: entry 2: protocol ﬂl | owed by protocol IV
entry 3. protocol 111, followed by pro oco entryz4 pr ot ocol
fioml entry

11, followed hy nrn'rm‘nl LV 20

6: protocol 1V Al ot her sanpli{s, _ R Seatagels Conial v
avai | abl e s@r g A ety _ONeCivicl AChi¥i Tabl e
[11. 25 Percent ages of mcreases or decreases are shown in par ent heses.
Normol ipemic Swine
1) Contral Diet (Cb) 20.76  23.63  28.41 .78
. 20,67 . 80,62 o #1.67 o £1.43
1100.00)% ¢113.82)3 (136.88y3 - (163.48) --
10  Hypercholesterolemic ' . .
Suine 2%.06 25,82  28.27 31.42
2y Control Diet (CD) #1.53  40.86  20.69 21,87 oA
(100.00) (107.40) (117.89% 100,00  ¢130.6% 100,
5) CO+TRF RD=oily 2336 265.% 26,50 30.19
15 50 pem +1.35 2149 s1.8 41,21 A
_ (100.00) (107.62) (113.68)  96.47% (129,26 98.89
4) [D+yTgr SOppm 21,86 2527 28,58 30.47
£1.67 31,68 21.62 B 21.62 A
{100.00) (115.89) ¢130.60)  111.06 €139.39) 106.86
20 5) CDePe21eTy; RS 2623 304 31.15
50 ppm 1.7 20,89 21.13 B 1.7
(100.00) (114.29) (¢133.9%4)  113.90 (135,72) 103,802
) Chope25eTy; 21.8 2568 3.8 32.65
50 ppm . £0.%9 21.67 21.75 8 £1.09
25 100,00y (117.47) (M5.52) 123,75 (149.36) 114,290

t Feeding perfod wes 6 Weeks. Time of drawing the blood was 0.009 hr. after fasting fer
12 hrs. .

2 Data expressed as means £ SD; n = 6 samples of 3 swine per group; TRF = Tocotrienol-
Rf¢h-Fraction.

3o 3 Percentages of 1ncreasss or decreases in respect to baseline value.

A8 ygiuss not sharing a coomon superseript letter are different at P < D.01,



- 57 " TABLE |11

SERUM CHOLESTERCL ( ng/ 100/ n1 ) Nutritionel State[err] Tot al
Chol . NDL-Chol. LDL-Chol. Triglycerldes Dl ueose 1) Chick Diet
+ 5. 0% 185. 1[err]5 1[err] 110. 3[err]4 95[err] 61.9[err]4.49[err]
90.2[err]2.17[err] 124.6[err]2 30[err] 5 Corn G| (CDC
(100.0)[err] (110.0) [ er'™ “(100.0)[err] ¥{00.0)[err]
(100.0)[err] 2) Chick Diet [err] 5 0% 129. 7[err]4.1[err]
99.8[err]3.57[err] 27.9[err]2.60[err] 84.5[err]2.97[err]
117.3[err]5.92[err] Loui si anaan ce Bran (70.7) (90.5)
(45.1) (93.7) (94. 1) G| (LRSD) 3) Chick-
Diet + 5.0% 135. 3[err]4.5[err] 102.6[err]4.93[err] 30.0[err]2.89[err]
81l.3[err]3.94[err] 112. 4] er r] 4. 65[ efsil v 10 Hot Extracted LRSD
(73.1) (93.0) : 4)

N0

Chick Diet [er 5 : ‘
26. 1[err]2.89[err] 77. 2{ ] | plediht N
Col d Extractfed WIRBEAL $188_ 7) O-Time (zggmznzm mgg}m\ de (Rmtmtv

90.9 et + 5 0% 154. 5[ err] 3. 4[err
(108 6%err]3 25heT a‘%‘ ﬂ&"%;er;z.]s@ ZEinrr]no.aaSG ES[er]r]4u£38{ e]rr]

116.5%6. 21[err] - @% ﬁgg,qﬂ%m ce (83b¥s (98.5)

(75.4) (96. 0) Bran oil
unstabi | |i zed nwerehelest)rnlaﬂu ck D| et [er rJ 5. 0% 163. 3[err]5.3[err]

102. 4[ err] 4. 10F “Z..}....é?fél, e, gl rr]’, 88.5[err] £ err]

116.2[err] 4. 78 uoo.ooacommucma le ae. nE‘ranm(&S 2) 1w0.00% (92. 8)

(90.1) ﬁg\iﬁ) oi | Feedi ng peri od
was 4 weekss t? &f.'?("l"ﬁ in Wallo B0 s. The b| rz . swWire fasted for
14 hours prior to killing. (Besh empiress@das traefhs EENS} SD; 5.9 6 chi ckens

per group. o cg"[aégoercenPﬁgp ofs.iNChggses or decrgages ere in

par ent heses. alsggs n gsha;gml a commn,ssﬂperscrlpt letter are

different at P < 0.01. €100.00) c1os 78) (108.65)  46.22°%  (125.98) 88,618
20 5) cpep- 21-Tg; 182.09  196.17  198.78 227.82

50 ppe 214,08 211.7% 29,57 c £11.33 s

€100,00) (106.43) ¢109,15)  66.53 ¢125.11) 88,02
6) COWP-25-Tq; 182.37 191,05  198.01 235,75
50 ppm £11,92 a8.78 26,04 ¢ 27.49

25 €100,00) (104.76) (107.48)  65.51 (128.17) 90,178

Feeding period was 6 weeks, Time of draning the blood was 0.009 hr.

2 pata expressed as means £ 50;; n = & sawples of 3 awine per group; TRF = Tecotrienol-
Richefraction.

3 Percentages of Increases op decreases in respect to baseline value,

30 ACyaiyes not shering & common superscript letter are different at P < 0.01.



The diet supplenented with 5% cold extracted 25 Louisiana rice bran oi

denonstrated superior chol esterol -l owering ability over the other
diets. | mpressi ve decreases in total serum and LDL-chol estero
(34.3% and 57.8% respectively) were recorded, while the | evel of
HDL- chol esterol decreased only slightly 30 (10.8% . Decreases in
triglycerides and glucose | evels wer e al so obser,ved.
Thi s exanpl e denonstrates ™at waxes (sterols) were not responsible
for the cholesterol- 35 lowering properties of Louisiana rice bran and its
oil. Each group of 6 chickens (6-weak old female white | eghorn)
was adm ni stered the chick nmash di et descyg bud .
- 58 - in Exanpl e 5, supplenented with one of three different
anounts of waxes (sterols), 50 ppmof TRF (prepared as in Exanple 2) or
5% equi val ent of the nethanol i nsol UMEXf r action Loui siana rice bran
oil. The ambunt 5 of feed consunegyh by bareld SralYed 16 el e {dtue®t O t he
Experimental Diets Percentage Control Diet Percentage
—Feoding Perded __ of Controt Eeeding Poried of Control
8 wuretriown svare!  Uo¥ime 21 days. &2 dave Aetiviey  T0cevs.. setivity
“m“m{cmm 13447 , 1h.54 . 1:3.90 1:3.89
1) Contral Diet ¢CD) 134, th. 3. 3.
e ¢100.00y3 ¢101.3n% @r.25® - «ar.02)3 -
m)percheluteml.:i:
10  swine 138,02 1:8.38 1:11.1% 1:8.72
2) Control Diet (CD) €100.00) (104.49) (139.53)  100,00R 100.00°
3) COSTRF RD=0il;  1:7.59  f1:7.46  1:7.89 1:8.85
50 ppm (100.00) ¢98.02) (108.9%)  70.51% 101.41A
; 50 138,16 1733 1:6.79 1:7.57
15 M PVERER 0w e i 608G 8.52%
5) COP-21-Ty; 127,95 11740 116,47 c 127.31 5
50 ppm {100.00) (93.32) (81.59)  57.8& 83,85
6) 25Ty 1.3 LT 1622 17.16
0pem © (100.00) (89.20) (74.58)  55.39° 82.06%

20 1 Feeding period was 6 weeks. Time of draning the blood was 0.009 hr. IRF = Tocetricnot-
Rich-fraction. .

2 pate expreased a5 means 3 8D; n » & samples of 3 swine per aroup.
3 Percentagea of [ncreases or decreases in respect to baseline velue.

A-D yaiues not sharing a common superseript letter are different at P < 6,01,

25 All tocotrienols tested caused the levels of
total serum cholesterol and LDL-cholesterol to dacrease
by about 25% and 10%, respectively. In addition, the
HEDL~-/LDL~-cholesterol ratioc was reduced by about 20%
with all three tocotrienols tested. These reductions

30 were all time dependent. Moreover, the reductions
observed after 42 days persisted over tha 10 weeks
following termination of tocotrienol feeding. This
result suggests that the tocotrienols remain in the
blood stream over extended pericds of time. While not

35 wishing to he bound by theory, we believe that the
tocotrienols might be transported in associatjon with
the LDL- and HDL~ lipoproteins. Alternatively, the
tocotriencls may also bind to other proteins.



control group and the feeding period was 4 weeks. The birds were fasted
for a period of 14 hours prior to sacrifice (at 0800 hours). The
foll owi ng protocol s were performed on the sanples displayed in Table
IV: 10 waxes (entries 2-4): Protocol VII. TRF (entry 5)
was obt ai ned using the nethod described in Exanple 2. The net hanol

I nsol ubl e fraction (enLry 6) was obtained by freggzing Louisiana

rice bran oil (prepared using protocols | and IV), then 15 centri fugi ng.
The resul tant supernatant was extracted 3 times with twice the volune
of met hanol . Al'l other sanples were obtained from

commerci ally avail abl e sources. - 8 ~ The results are displayed
below in Table |IV. 20 Percentages of increases or decreases are shown in

par ent heses.
TABLE |V Example 1%0. m Chol estrol (mg/ 100/ ni)

HMG- CoA Ch0|es&ﬁﬁglexample wag conducted to measure the
serum levels of apolipoprotein (a),, apolipoprotein B8,
triglycerides, glucose, insulin and glucagon and the

5 plasma levels of thromboxane B, and platelet factor 4
in the swine described in Example 15.
The samples were prepared as described in
Example 12,

The results of these studies are displayed in
10 Tables XVI and XV1il. Percentages of increases and
decreases are shown in parentheses.

TABLE XV
1 antrati n

NUTRITIONAL STATE Apo Ay Apa 8 Triglycerides
15 typercholesterolemic Swine 25.6921.1%9 1&7.ﬂ=k50 76.9621.22

1) Control Diet (D) ¢100.00) (100.00) ¢100.00)
2)  CD+TRF RB-oil; 50 pem !6.26:&.07 m.sa.kso 66.67:;-39

€102.22) (80.12) (106.15)
3% CDéy-T4: 50 ppm 26,2281, 11 114, 79 61,7821.09

20 3 (102.06)‘ m.mz’ ' ' m.mb

4)  CDP-21-T42 26.72:‘.14 111.7!:&.!0 “.“si.ZP

58 Ppn €104.01) (75.64) (8.17
L3 CO+P-25-Tq; 26.7321.22 106.63:6.?2 62.003&.19

50 ppm €104.05) (72.15) (80.58)

25 1 teeding period uas 6 wesks. Time of drawing the blood was 0.009 hr.

2 Data expressed ag means £ SB; n = & samples of 3 auine per group; TRF = Tocatrienoi-
Rich-~Fraction.

3 percentages of increases of decreases in respect to baseline value.

AP yatues not sharing a common superscript letter are different at P < 0.01.



Nutritional State[err] Total Chol. HDL-Chol . LDL- Chol . Reduct ase
7a- Hydr oxyl ase

(prol es/mg/ mn)[err] (nnoles/ng/mn)[err] 5 1) Chick Diet [err] 5 0%
185. 1[err] 12[err] 110.3[err]3[err]4.95err] - 61.9[err]l.49[err] .
344. 3[err][err]49[err] 0.585*0[err] 085[ err] Corn G| (CDCD)
(100.0)[err] (100. 0) [ e . (100. 0) (10Q.0)[err]

(100.0)[err] 2) Chick Diet [err] 5.0% 186. 7[err]6.50[err]
109.6[err]2.83[err] 61.7[err][err]l.71[err] 339.7[err]19.7[err]
0.837[err]0.081[err] Corn Ol + Waxes; (99.38) (99. 4)

(99.7) (98.5) (97.9) = 8l - 50 ppm 10 3) Chick Diet
[err] 5.0% 173.8[err]7.31[err] 106.2[err]4.69[err]

98. 1[err]1[err]1.77[err] 317. 1[err]1ﬁu§L§£r] 0.846.072[err] Corn

L. O 0N WA~ WS - . \ LoD A

oil [err] Waxest—{=93—99- J0. 37 TJo ) Yz L)
(98.9) NWGTOS0 sEh  Glucsse4) @RIk Biugten | o rihrixbGanddy  Platelet
165.9[err]4.90[ err] 108. 5[ er‘/1® '1‘@)8 MY | R8P r [Pe/100mE 9[erf§&§ﬁ%{ err]
304. 5[ err] 14. 4] ' S;
(89. 6) oo holmmlml(e% Ez?EOS 5) 15

Qvia

10, 000 ppm e et BA P 5. gg»@r' 34 néu]?, rr] 10%-%3. 99[err]
25.91. 02 err] 276.0[err 17<1chiue:rr] ¢100.db) 068 y]0. rr]  ¢100.00 Corn
oL + 0. 2) (124.9)

2,8
Tocotri enolzﬂ 0?1 Q,.;: R-etls Frg')hﬁ# on; Bpp%’ﬁl) 6)?‘ i ck Di B¥3% 5.0%
180. 2[err]6.01[err] 104. O enf?}5&. O] &4, STPSIPY | 62X9%BPerr] 1. as-[mr]

321.1 9.3 D 0 0 Met . [ | 97.4
(o4 3§err] [635 rc},..',,8 R "] NQ9 [erEtlu égg'%) Iﬁlﬁ(‘) Efgﬁsﬁ ( ) .

Feedi ng peri od was 4 weeks; t‘T’n‘B of “Rﬂ‘! i négPeills 080@-#dburs. THe®birds were

fested for 1]54 4) Dop-21-Tg; hoursnmi or biueki | bigagl. Dat @ .@Xpresseg gs_neans
[err] SD;, n = 6 chismkers perzigfoup. 0.0% 4@.42%- nol esesdi nevasiom® acid

synt hesi zed per mnute per g‘Bfni ctBhal “szBtEI n, (87.66) 3¢%i%hpl es of
[[err]C] 7[errPby 2D x¢ C hol esmnol paKes M k@t per nwns% m Cr oo 'J: pr ot ei n.
4  Percent s of*®pMcreases 3;” ecrﬁﬂs% ar@-3 par, Eses. *1;: [err]
val ues not aring a common supersc Ief?er are Tt erent B*P < 0. 01.

1 Corn-soybean meal control dist or experimental diets were fed to S-month-old swine for
42 days. Then all groups were fasted for &40 hra. and refed for 48 days. The time of
sacrificing was 9:00 a.m. All tissues were kept on ice. TRF = TocotricnelsRich-
Fraction,
25 2 pate expressed az means & 80; 1 = § sanples of 3 suine per group;
3 Percentages aof increases or decreases in respect to baseline value.

A Values not shering a common superseript latter are different at P < 0.01.

These results show that all the tocotrienols
tested reduced levels of apolipoprotein B,

30 triglycerides, glucose, glucagon and platelet factor 4
by about 30%, 20%, 25%, 17% and 21%, respectivaly.
The tocotriencls did not substantially affect the
levels of apolipoprotein (a), and inmsulin.

Example 18

as We next determined the effect of tocotrienols
on the total cholesterol, triglyceride and glucose
concentrations in various tissues of
hypercholesterclenic swine, '
The samples were prepared as described in
40 Example 12.



The diets supplenmented with sterols were not 30 effective in |owering

total serum or LDL-chol esterol | evel s. The maxi num decrease in total
chol est er ol recorded with the sterol supplenented diet was 10. 6%

and that for LDL-chol esterol was only 6.5% only a mar gi nal decrease
was observed in hepatic enzymatic 35 activity of HMG CoA reduct ase
(11.69% . Conversely, “w chickens fed the diet swfplenented with the

met hanol soluble fraction of the TRF recorded a substanti al

decrease in the levels of total serum chol esterol (27.29%,

LDL- chol euterol (58.2% and hepatic eQS)égaLi c 40 activity of HMG CoA
reductase (19.8% . Therefore, the

- 60 - nmet hanol sol uble fraction of the TRF (containing the
tocottienols according to this invention), rather than sterols, was
responsi ble for the jnpressive chql.esterol -reduci ng.propertigs of rice
brag oil . 5 ' rrp e results oi.h%ggﬁpp‘gug{es are %&p?gyea-rﬁfs st udy
was conduct ed Tablles XVEIIe - %X. Pataentagescof imsremseisbhadfor the

reduction in sgpiflages are shown in parentheses.

TABLE Xv1i}

5 i HDLESTEROL TRATION 2

: LGW' Adipose N
NUTRITIONAL S'I'ATE'l Liver intestine Lung Nesrt  MNustle Tissue Muscle

Noriol 1peai¢ ne
1) Control Dist (CB) 151.59 175.10 T6.4% 60,50 97,89 92.86 86.00

10 26,22 4681 27,19 a3.49  +h.16  s5.51 22,57
Wypercholesterolemis 201,59, 215.49, 10174,  64.51, 119.62_ 109.40, 100.00
swine B.652 5P st 96 382 w00h a3.7R

2) Control Diet (D) (100.00)  (100.00) (¢100.00) (100.003 (100.00) (100.00)¢100.00}

3) CD*IRP RB-gil; !72.22! 198.63' 9!.125 58.7!, 112.69. 1&2.3‘ 9."0.05a
15 50 ppm $4.19 23.75 12.88 21,87 22.63 29,94 23.44
(85.43) (92.18) (89.54) €91.12) (54.21) (93.46) (95.05)

4) COsp-Tg; SO ppm  149.20, 187.06. 85.79.  56.68, 103.48.  94.58. 85.15
¥ 3.8% a7t 3u® et 22.3°  amC a2.2C
Ph.0f)  (BS.813 (B2.36) (BT.85) (B&.51)  (86.43) (85.15)

Spm o 550 3.0 4D 2e® a.® 27 arC

(67.81)  (E3.80) (7%.39)  (83.13) {84.09) (82.13) (79.51)

6) COW-29-Tgr 125,21, 116.67. 685 5153  99.04. 89.5¢. 69,17,
0pn o 2308 a5aF a0 2720C 43520 a1.08" a3.280

25 £62.11)  (81.98) (66.98)  (82.79) (81.85) (81.85) (69.17)

1 Torn-seybean meal control diet or experimental diets were ted ta S-montheold swine for
42 days. Then all groups were fasted for 40 hrs. and refed for 48 deys. The time of
saorffieing wae 9100 a.m. All tissues were kept on fee. TRF = Tocorrisnol-Rich-
Fraction.
30 2 para expressed as means ¢ SD; n * 6 semples of 3 swine per group;

A-E Values not sharing a common superseript letter are different st P < 0.01.

Percentages of control activity are given in parenthesis.



| evel s of various enzynes and bl ood constituents observed wiith rice
bran. The feeding conditions 10 described in Exanple 8 were used. The

sanpl es were prepared as described in Exanple 8. The
results are displayed below in Table V. Per cent ages of increases or
decreases are shown in par ent heses. _

TABLE V -~ ' ratty Acld[err]™

Pl at el et Synt hut ase[ err] Triglycerides

G ucose Thr onboxane B[ err] factor 4 Nutritional State[err]
(prol es/mg/ m n) (ng/ 100 m) (nmy/ 100 Jrigy -~ (ng/ 100 ml) (ng/m)
5 1) Chick Diet + 5.0% 6l.4[err]2.4[err] 90.2[err]1l.17[err] :
124.6[err]3[err] 16.7[err]1.69[err] 7.2[err]0.48[err] corn oil

( CDCD) (100.0)[err] (100. 0) [ ermde x1x ( 100. 0) [ err] (100.0)[err]

(1520.7?23”] 1[err] ? (1:2i gFePr ﬁ%@‘ Heec? Gaanffbl g%l'e rE r i %) 4gl| é?:l| aotert]
Corn oi |l +. WAXEST I10Z.pD)Terr] g_lOl. d)l err| temn 1 01. err] -
(94_ 6) [ er I‘] IRITRITIONAL STATE” o) {ldup] Intestine Lung { N~ - i et +

5 0[err 68 6 { -\& rl 9%.2 err]Ol[err
123, orr] 1 2 & S 0 et OB SE B D ) L

Kypercholesterplemic
Suine 629.36, 3763, 17196, Wé.22, 219.88 qss.gA 185,83,

10 2} Control Diet (@) 25.080 s6.48R  s6.06® o3.290 w5000 a3 264,05
(100.003 ¢100.00)  (100.00) (100.00) (100.00) (100,003  (100.00)

3) CDSTRF RBeoil;  409.80. 355.93_  166.66. 140.71, 212,27, 42142,  184.99
50 pom ! 6,488 33.07%  22.480 5350 an.00f 358 2u0A
(95.44) (99.52)  (96.92) (9T.57) (96.60) (96.78)  (99.55)

15 4y CdeyTq; 50 97.51,. 351.33 167,18, 142.72_ 201,85 391.58 131.99
gl 5 e 3.8° 22,008 s2.862 11.28R 52,01 27.3°% 1M
(92.58) (9B.26)  (97.22) (9B.96) (91.79)  (8%.88) (9.9

50pm o B.90° sh.7eB  22.262 .18 7P w6.8° s

a4Q (89.96) (97.24)  (96.22) (98.72) (BB.6S)  (54.91) (98.03)
6] COWP-25-Tgs 384,00 }5.37,  163.42. 140.51, 189.18_  259.62 182.98

50 ppn © 2980 13.07°  s2.46R a9 41,68 w7l a7t

(B9.44) (96.57)  (95.08) (97.43) (86.12) (39.I® (98.44)

t Corn-aoybesn meal contrel diet or experimental diets were fed to 5-month-old awine for
25 42 daya. Then all groups were fasted for 40 hrs. and refed for 48 days. The time of
sscrificing vas 9:00 a.m. ALl tissues were kept on fce. TRF = Tocotrienol-Rich-
Fraction. .
2 Data sxpressed a5 means £ 30; n = 4 anslysis of the semples per group;

A-B yalues not sharing a common superacript \etter are different at b < 0.01.

30 Percentages of control activity are given in parentheses.



- TTT——

Corn oil [err] Waxes; (103.8)[err] (105.5)[err] (99.4)[err]
(98.2)[err] (102.8)[err] 5. 000 ppm 4) Chick
Diet [err] 5.0% 60.4[err]1.9[err] 96.1[err]1.90[err]

124. 3[err]1.18[err] 16.8[err]l.67[err] 7.4[err]0.87[err]

Corn G| [err] Waxes; (106.5)[err] (99.8)[err]
(100.6)[err] (102.8)[err]. 10. 000, ppm

(98.5)[err] 5) Chick Diet + 3.0% 68.5[err]2.1[err] 73.2[err] 1
69[ err] 86.4[err]1 55[err] 12.4[err] 1 42[err] 5.7[err]0
64[ err] ' Corn Gl + (111.7)[err] (81.2)[err]
(69.3)[err] (74.3)[err] (= B2} err] _ .
Tocotri enol -Ri ch. Fraction; 50 ppm 20 6) Chick Diet + 5.0%
65.5[err]1.2[err] 89.5[err] 21[err] 111.1[err] 2. 45[err]
15.4[err]1 64[err] 7.5[err] 0. 36™ER] Met hanol
(107.3)[err] — (99.2)[err] o muces chdBuid @EMben?  (92.2)[err]

(104.2)[err] lnsolubl e Eractrion peri od

vas 4 weeks, ti QB Kidkd | NGrli2SinRR09 ROY" Superd Nl U5 f agned 25

for 14 hours pr myon : ~ 6
chickens per 5 Norwolipemic Swine 9L 0D 2 n- mpl es ,of  MADPH_oxi di zed
per ninute per My BFLYtE) | Q,:ﬁr ofﬁ:n.' :H: :f;;‘s :;:;; I%é:ﬁ’pent & of :
I ncreases or decreases grﬁ? i n parent heses. [err] Val ues not
sharing a conmplirsapateeipnin te re 'hf‘er t P < 1. 0

These resul tag s m\sbnirblaﬁmt(hﬁ S‘%ga#él ?zigﬂe gﬁ) f%‘ ﬁ:géporig.':ﬁ' e f?ﬂ%‘t he

reduction in the | evels of (100.00) (180.90y| ¢10%G90) ¢MO0L00) GI0QBY S S190.H0 OABBMANE

Blerr] or plategelep, oit: | AGhOfy 4ed RVEl 3. RPSGLMEd Mt N Iipoe brageand its
oi | . In fast gtﬂhg“st er gha? crdo®r inmPeasml azroRad wneshds as;ogni ficant
effect on the level of each Sf-&thd%=f (98.85) {SHPy -5 on(FRPU | K%-Bhe

chi ckens fedsw z,hm%dﬁﬁ. se3.68.  seMap!| egkmt eds.iv t Bodohe nRbhanoka ol ubl e

fraction of the TRF of suti sxeh® es.eobBamal snesbicedt. &' dhi #1.08nt
decreases in all of thene faéf‘cﬁg_{“.“) {94.25) {95.08) (BL.64)  (86.36) €94.80)
§) COHP-21-Tq; $7.22,. 6250, . 41.92. 4417, 55.45 16.67 54,01
Wpm - 35.49¢ 12.008C 2.8 st 21,08° AP smA
20 (2.35) (38.84)  (92.51) (89.59) (77.86) (90.89)  (100.3%)
8) COM-28-T.; 362.9, §6.06, 60,96, 45.49, 530 14.96 53.05
Sppm #%.3° 2.0 15418 s2.78* 21.30° 2126 248

(80.58) (77.89)  (91.08) (PR.37) (7h.41) (8L {98.57)

Corn-zoybean meal control diet ar experimental dists were fed to Semonth-old swine for
25 A2 days. Then all groups were fasted for 40 hes., and refed for 48 days. The time of

:nr:':icinu was 9:00 a.m. ALl tissues were kept on ice. TRF = Tocotrienot-Riche
raction. .

bats expresaed as means 2 3: n = & analysis of the sample per group;
Perzentages of control activity are given in parentheses.
30 ADyiues not sharing a common superscript (etter are differsnt at P < 0.01.

Decrsases in total serum cholesterol were
found in the each of the tissues tested. Most notably,
total cholesterol concentration was reduced by 37% and
30% with Pog in the liver and ham muscle, respectively.

35 fTotal triglyceride and glucose concentrations were less
affected,

Example 19

We next measured the effects of different
tocotriencls of rice bran oil on fatty acid



- 62 - Exanpl e 10 Thi s study
measured the effects of three tocotrienols isolated fromrice bran on
chol esterol - rel ated enzyne activity in hepatocytes isolated from 5
livers of 8-week old femal e chickens. The chickens were fed the chick
mash diet for B weeks. They were then fasted for 40 hours and finally
refed for 48 hours befere sacrifice. The hapatcseytes were then prepared
foll owi ng standard net hods. 10 Each conpound was isol ated from
TRF using the foll owi ng protocol: A bond Elute am ne col um was
equilibrated with 2 m hexane. 10 ng of TRF (dissol ved in 0.5 n
hexane) was bound to the am ne col um.~ Bige= col um was washed with 1 ni
of hexane, then with 1 nl 15 of 3% sopropanol in hexane. P-21 and P-25

| ut ed th th 5% | . Th
USi ng" 10%1 sopPERRRBEETANh AP NaE ove Finsiem: 5 ShiRenghe 8 2dEp1tney

[err]-tocotrieswliineas al so tested. The results are displayed

bel ow in Table VI. 20 PefiLneqass &f #412yCa28ds O nér@RSaE BHEISNOWN in
parent heses. esters, were estimated using the method described in
5 X. Hirai et al., "Effects of Dietary Fats and
Phytosterol on Serum Fatty Acid Composition and
Lipoprotein Chelasterol in Rats", J, Nutr. Sci.
Yitaminol., 30, pp. 101~112 (1984), except that 1 g of
each tissue was mixed with 2 ml of saline solution, the

10 homogenized 30 sec by polytron. Following
homogenization, the sample was extracted with 8 ml of
hexane by shaking for 20 min., then centrifuging for
10 min. at 2000 rpm. The hexane layer was dried at
40°C and the residue treated with 0.5 ml diazomethane

15 to yield the fatty acid esters.

The ldentification of each fatty acid ester
was established by comparison against a standard
mixture of fatty acid esters (obtained from Sigma
-Chemical Co.)., _

20 The results, as displayed in Figures 1-4,
demonstrate that the tocotrienols tested were able to
lower the total fatty acid concentration in every
tissue tested. The most impressive declines were seen
in the heart (76%), the loin (81%) and the ham muscle

285 (66%). The greatest reductions were seen in levels of
arachidonic acid. This decrease may be due to an
inerease in the corticosterone lavels. Such an
increase would inhibit the activity of phospholipase
Ay, which would in turn decrease the arachidonic acid

30 metabolites. The overall fatty acid reduction is also
important because it points towards an immunoregulatory
role of these tocotrienols.

1

CA



. 63 - - TABLE VI

Concentration |n[err] HVB- CoA : Fatty Acid

Chol esterol 7a- ([err]g/m) Reduct ase

Synt hase hydr oxyt ase prol es/ m n/ ny
nnol es/ m n/ ny prmol es/ m n/ ng 5 A) [err]-Tocotrienol

1. 0.0 26.8 (1Q0.0) - 17. (100.0)w 2.31 (100.0)

2. 10.0 21.4 (79.9) 15. (88.4) 2.12  (91.8)

3. 20.0 17.3 (64.6) 14.3 (83.2) 2.27 (98.7)

4. 40.0 16.7 (62.3) 12.4 (72.1) 2.34 (101.3) 10
B) P-21 (Tocotrienol) 1. ~C;9- 26.8 (100.0)

17.2 (100.0) 2.31 (100.0) 2. 10.0 20.4 (76.1)
14.3 (83.1) 2.41 (104.3) 0.0 16.7 (62.3)
12.7 (73.8) 3.40 (103.9) Bxagple 200 o 14.2 (52.9)
ié-g Egg-gg 2. 39 1ogﬁe5aeéﬂ5determznéh theBQerct of toéb%ﬁienbia 4)
26.8 (100.0) on m&m? ) TSR -0) Thé mﬂe?l(fea this study was g 10.0
19.0 (70.9) week oldlﬁelihle( Shi®e lagisrn (chiekéhs. Each group of 20.0
15.3 (57.1) 1 (%ygg ) 4 40.0
12.4 (46, 3)5 12 ch:. 34747?1? an alagﬂppl +84) ctfeken d:.gt argao

11.1 (41.4) control 4§eq_sqpn§eg?ntgd5§ﬂt BGoppn of a tocotrieno

or 100 ppm of a commercially available
hypercholesterolemic agent (Geraniol or Lovastatin).
The samples were prepared as described in Example 11.

10 The chickens were fed over a period of 4 weeks, then
the blood was drawn. The antibody response was
determined by injecting the chickens i.p. with 0.5 ml
of a 5% suspension of sheep red blood cells (RBCs) in
PBS (v/v) which were previously washed three times.

15 Total antibody titers to the RBCs were determined using
50 ug of serum and the microhemagglutination technique
described in Witlin, "Detection of Antibodies by
Microtitration Technigques', Mycopth, Mvcol. Appl., 33,
Pp. 241-~257 (1967). Relative IgG levels were

20 determined by using 2-mercaptoethanol preincubation for
30 min. The relative IgM levels were calculated by
subtracting the IgG antibody levels from total antibedy
levels. All antibody levels are expressed as the log
base 2 of the highest titer that was needed to

25 hemagglutinate an egual volume of 0.5% RBC suspension.
The results of this example are displayed below in
Table XXI.



0) P-20 1. 0.0 28.78(100. 0) 2. 25.0

29.21(101.5) 25 3. 55.0 28. 87(100. 3) 4. 100.0
28.21 (98.0) Feedi ng period was 8 weeks the birds were fasted
for 40 hrs. and refed for 48 hrs. The hepetocytes were prepared
at 10 PH fromtwo livers by standard net hods. Pler]
denmonstrated very effectiyg,dose 30 dependant inhiQition of HVG CoA
reduct ase with maxi num reductions in activity of 46.6% and 58. 6%
respectively. In fact, Pl[err] exerted substantially better effects
than the known hyperchol esterol em c agent, a-tocotrionol.
a-tocotrionol showed a maxi num 35 reduc8Von of only 37.7% Plerr], the
sterol contam nant, showed no significant effect on the activity of
HMG- CoA reduct ase.
Exanpl e 11 TABLE XX1
Antibody titers in Serum (Log 2)

autritienal State! . Total Ab titers 196 ToM

13 control Growp (€D) 6.3002, 9% 1,4000,552 5,673,097

2) €D .+ TRF-RBO 50 pem 8.75a1.668 1.5010.544 7.7521.552

3) O + & - Ty 50 pmm 7.1001.518 1.0030.00A 6.6081,242

A3 T + y - Tg 50 ppm 6.6041,91A 1280408 5.8341.538

10 S e+ 8- 7550 peo 8.67+1, 782 1.00s0,00% 8.2521,96A

6) €0 + P-21-T4 50 ppm 8.67a1.924 1.5001,18% 7.17s2.04A

7) > + Pe25-14 50 pom 10.30+1.16% 2.43a1.408 8.92:2.61A

#) ¢ + Geraniol 5.6042, 1A 1.00a0,00% 5.42:2,02°

%) Lovaatatin 100 pem 63341448 1.0020.00% 5,901,687

15  10) GeranfotsLovastatin 7,702,048 1.0020.00% 68321998
50 ppm + 50 pmm

1 Feeding period was 4 weeks. Time of drawing the biood was 0800 hr. Data expressed as
means + 80y n = 12 birds per group.

A8 values not shering a common superseript letter are different at P < 0,01,

20 Every tocotrienol, most notably Fogs
increased the total antibody titer and the IgM titer as
compared to tha control. sSlight increases were also
observed in the IgG lavals.

Example 2]

25 We determined the effact of a known
tocotrienol, y-T3, on the release of superoxide in
human peripheral bloocd neutrophils. Neutrophils are an
extracellular source aof oxygen free radicals. Once
activated, these neutrophils can attach to endothelial

30 tissue where they release a potent toxin, superoxide.
Superoxide amplifies the inflammatory response and
impairs local circulation of the blood.

The neutrophils we tested were isolated by
density centrifugation on Ficell-Hypague gradients



W next neasured the effects of various tocotrienols and

tocotrienol -1i ke conpounds isol ated fromrice bran on the activity of
HMG CoA reductase. 5 20.0. g of stabilized rice bran was extracted with
200.0 m of nmethanol to renove various UV absorbing i mpurities and

- tocotrienols (6.7 ng total). This step was repeated four tinmes. The

remai ni ng resi due was ~dri ed under vacuumin a eesiccator and then
heated at 10 180[err]C for 2 hrs under 30 psi pressure. Then the dried

resi due was extracted again with 200.0 m nethanol (3.4 nmg). The
vari ous peaks were purified by HPLC except 100 [err]l was injected
I nstead of 20[err]l. Twenty runs=wR® e~ done to obtain enough materi al

for this 15 study. The peaks which eluted at 32, 36, 45 and 54

m nutes were t WQ y | I
The results of‘?ﬁs’ﬁ‘?ﬁ@"%ﬁf uglfEQ Baé ggée %ng ogéﬁé@e 'Uel ow in Table
Vil. 20 "Free Radical Recycling nd Abmtramembrane HoRLLIRY 4 on[err]

HMG- CoA Raductafee Anviekesant Wm&ﬁ:;&céﬁsﬁ-ﬂ!ﬁcopherol 4b®rdgd g/ m)

P-32 P- 36 54 00 / 26.78

28. 78 ortagencl ‘Eree RaR. B18] ang yea,, £0), 00, Fastis, 8’ 20. 00
21. 31 20. 5.2 (m133 The mwsutrophils weoe (then placed1pn 36 9617, 24 19. 67
30.11 4 - 1 9 50. 00
16.61 15. 21 wept'pgate, y-75'nd pndrbol! myrk ;rénag%e??é%ﬁgﬁemeeks t he
birds were fafdded §p Bheyallna% thecsane time .- Thepecretionriof

hepet ocyt es warupeospaecanién WasPlehsarad Vi Ithee sapbyosidendar d et hods.

Fach of these £omnaunds:SEIRNNIA' $dadBeion G¥PirbYcioddlidl b,! he activity
10 The results of this study are displayed in
Figure 5.

The amount ¢f superoxide released was reduced
from 19.7 nmole {(for 5 x 105 cells/hour} in the control
to 8.0 and 0 nmole at y-T, concentrations of 109 and

15 109, reapectively.

While we have described a number of
embodiments of this invention, it is apparent that our
basic constructions may be altered to provide other

_ embodiments which utilize the processes and products of
20 this invention. Therefore, it will be appreciated that
the scope of this invention is to be defined by the

appended claims, rather than by the specific
embodiments which have been presented by way of
example.



- 65 - Most notably, P[err] showed a 47% maxi num r educti on of
activity. - Exanpke—12 ~ This

exanpl e neasured the effects of the TRF 5;a Mﬂﬂﬂlﬂ]mﬁuﬂm on the
hepatic enzymatic activity of HMVG- CoA req tero

7a- hydroxyl ase. Each group of 12 chickens* (6 wéek"ol 8 fenale white

| eghor n) was adm ni stered either a control diet or a control di et
suppl emented with the TRF, a conmponent of the TRF 10 a commerci al

chol esterol inhibitor (either Lovastatin or Gerani ol | n
of the commerci al I nhibitors. The a gnt of feed cong dﬁgﬁgﬁggggégﬁk%ﬁl
11.19-11.60 g per chicken and the feedlgg peri od was 4 S
were fasted for a period of 36 hours 15 and refed for 48 hours prior to
sacrifice (at 0800 hours). QFAIH& The TRF (entry 2) was prepared

as descri bed I n Exanpl e 10. ‘Gerani O’ Was obtai ned from si gna
Chem cal Co. amgke LeMgiadsati n was obt ai ned under the 20 brand nanme LOVOCOR

e

1, The use of a tocotrienol or tocotrienol-~
like compound for increasing feed conversion
efficiency.

2. The use of a tocotrienol or tocotriencl=-
like compound for decreasing lipoprotein (a)
concentration in the blooed.

3. The use of a tocotriencl or tocotrienol-
like compound in the treatment or prevention of a
disease or condition selected from the group consisting
of immunoregulatory diseases, inflammation, fever,
edema, diabetes mallitus, pain, rheumateid diseases,
atherogenic diseases, septic shock, chronic fatigue
syndrome and functio laesa.

4. A tocotrienol or tocotrienol-like
compound having the formula:

R,
Ry
‘fcﬂzl.,

R nf’\\m...

and salts, oxidation products and hydrolysis products
thereof wherein:

R, and R, is each independently selacted from
the group consisting of H, halogen, OH, OCHa and c1-c3
branched or unbranched alkyls;

R, is selected from the,group consisting of
OH, NHRB, co,Y, C(Re)zcozﬂ, and c,-ce branched or

e
Sheet Has Been Replaced

I



The chicken diet for this study contained the foll ow ng ingredients:
I ngredi ents Per cent age Corn (9.3% protein)
61.5 25 Soybean Nbal_‘il‘““-—~—_\__gg 0 : (44. 0%
pr ot ei n) Meat scrap Idﬂ (50. 0%
pr ot ei n) Cal CI um Ca I "’””,’, !ﬂ 0 5 30 _

0.5

Di cal ci um Phosphat e Lol Cl ) s
1.0 M neral M xt ure[ err] S E}ipﬁ\csu PR
- 66 - Vitam n Xixtureb - 0ls

-90-

unbranched alkyls substituted by OH, NHRg, cozx or
C(Rg) ,C0,H; :

Ry is selected from the group consisting of
0, NH, CH-Rg, C=0 and CH-OH;

Ry is selected from the group consisting of
CH,, CHOH, O, S and NH;

Rg is selected from the group consisting of H
and C;~Cgz branched or unbranched alkyls;

Each R, indepaendently represents

fio OH
\\gaf“\\ﬁﬁJ\\~ : ‘\~,4‘\\<:4\\‘ "
Ry ! . 5 R, or | Ry
' OH

¢

wherein Ry is selected from the group
consisting of H, NH, and C,~Cg branched or unbranched
alkyls;

Ry and Ry is each independently selected from
the group consisting of H and Cy~Cq branched or
unbranched alkyls;

Each Ryq is independently selected from tha
group consisting of H, Cy~=Cg branched or unbranched
alkyls, CH,OH, CO,H or OH;

R or Cy~C,g branched or unbranched alkyls;

% is halogen, OH, CH,OH, CHy, OCH4 or COCHg;

n is an integer from 0-4; and

m is an integer from 1-30.

5. The tocotrienol or tocotrienol-like
compound according to claim 14, wherein R,, Ry and 2
are each independently H, halogen, CH, OCH, or CHg; R
is OH, OCH; or NH;; Ry is C=0, CH, or NH; Rg is O, §,

Thls Sheet I-Ias Been R laced




[err] Mneral mxture contained per kg feed: zihe—sulfate, 50 ny;

T L L TR R o
M ) % am n

i t

Dlerr], 200 units; vitam n E, 10 units, rilbofkaven,.

Blerr], 0.01 ng; and vitam n Klerr], 0.50 'ng. ' The
results are displayed belaw in 10 Table VIII. Percegiages of increases or
decreases are i n parent heses.

- 67 - THISBHERYIHAS BEEN
HMG- CoA Chol esterol [err Nut ri tfi onal RStiaicgper r |
Reduct ase[ err] 7a- HydT &Fhse[err] 5 Ty Controt
Diet (CD 313.26[err]13.07[err]

10.22[err]0. 25[4f " br NH; Rg is H or CHy; R,y and Ryjare each
independently H or CHyt n is 0 or 1; and m is 3-10.

6. A tocotrienol having the formula 3,4-
dihydro=2~(4,8,12=-trimethyltrideca=3'(E),7'{(E), 11!
trienyl)-2H-1=benzopyran=6=-ol).

7. A tocotrienol having the formula:

9. The use of the tocotriencl or
tocotrienol~like compound of any one of claims 4~8, or
nixtures thereof, as a hypocholesterolemic agent, an
antithrombotic agent, an antioxidizing agent, an
antiatherogenic agent, an antiinflammatory agent, or an
immunoregulatory agent.

10. The use of the tocotrienol or
tocotrienol~-like compound of any one of claims 5~8 or
nixtures thereof to increases feed conversion
afficiency.

11. The use of the toéotrienol or
tocotrienocl-like compound of any one of claims 4-8 or

This Sheet Has Been Replaced
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(10. 00) 100. 00) (100. 00)[err] W
441. 14[err] 7. 28[ err] 10.80[err]0.1

(85.95)[err] (105.00)[err] 459, 02‘\“\‘““\“‘)‘“&“‘\‘“\“\& r]
50 ppm 459 02[ err]1505[ err]

10. 69+0. 20[ err] 10 ' .
(89.43)[err] ~%204. 60)[err] 4) LD + [err] - T[err]: 50
ppm 401 .99[err]5.84[err]

10.97[err] 0. 17[err]

(78.32)[err] (107.34)[err] 3) CD [ ess]suskeAs BEEN
ppm 389.22[err]8.40 = 92 = REPLACED
(75.83)[err] (107.44)[err] 15 6) CD FP-2I=Tfer+is
50 PPm 8ler er.

11. 49[ err] 0. ZOFéxtTres tﬁggzo} ES &lg}éége 1¥oprotein (a)

(72.83)[err] ©concantration i-lizthS)lP-Bqu 7)  [err] ; 50 ppm
11.39[err] 0. 26[err] CD + GEranloI 100 ppm

449.89[err] 12.82[err] 28 7 0

(87.65)[err] 12. 188*%87 4#3 °L€ %ﬂéﬁ & + Lavastatin; 100
ppm tocotr;qnpi—iiperqugpqnq(gﬁrpny one of claims 4-8 or

11.34[ err] 0. 31pngkfdres thereof toEFravent oxidative degradation of
(102.69)[err] duct (110.96)[err] 10) " CD +

Ger ani ol +Lowast 3P4 Predu 5. 442. 48[ err] 1. 64[err]

11.24[err]0.17[er] 50 ppm + 50 ppm

(86.21)[err] 13. (186e Ud Adobraffiy to biatn"850keE £81 00 vas 4
weeks. Tine of sacr|f|C|ng was 0800 hr Irs we for

36 hrs. and retetRAnt 8T RFeYentialy oft afggﬁﬁ‘hﬁe ﬁé'rFBBgéB"Uays) and t hen
sacrificed. Doselastedsyon the rpzoup penslsﬁihgrof* 12 birds per group.

pnol es of FM(}éiﬁégdyarag B tein.
nnol es of [[err (1 gig?o{“l{prﬁo s rjienma[c %?gﬂbd?é%/chol est erol
per minute per 4é§ QA1 Qg éﬂﬁe‘sesr

Per cent ages ofathanagaaicadaseasqmaramthannation, fev;&eréaema\kﬂ ues not

sharing a co I f < 0.01.
Plerr] was t h est | EH’@?E ‘of Oo%"g“lg o %géngf agam’l'he enzymatic
activity of }%ﬁﬁﬂﬂmﬁ flammation, septic shock, chronic fatigue

syndrome_and functio laesa.

14. The use ¢f TRF for increasing feed
conversion efficiency.

15. The use of TRF for decreasing
lipoprotein (a) concentration in the blood.

16. The use of TRF in the treatment or
prevention of diseases or conditions selected from the
group consisting of: immunoregulatory diseases,
inflanmation, fever, edema, cancer, signs of aging,
diabetes mellitus, pain, rheumatoid inflammation,
septic shock, chronic fatigue syndrome and functio
laesa.

17. A tocotrienol or tocotrienol-like
compound having the following characteristics:
—'\
This Sheet Has Been
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35 was reduced by about 28%with Plerr], while tw cﬂmma“m \W‘\nt of
t he commercial chol esterol -1 owering drugs prov *

reduction of only about 13% These data indicaté that the fused
oxygen heterocycle of the tocotrienols increases the biol ogical
activity as 40 conpared wth a single ring system such as Ceraniol.

- 68 - We believe thet a three ring system nm gh¥ provide

additional activity. Alternatively, adding subst i t u¢ntrgs SHERT &A%S BEEN
carbonyl s, hydroxyls and al kyl s may al so enhance th¢ bi ol RERLAZED
activity of 5 tocotrienol-like conmpounds. :

Exanpl e 13 We next studTe¥P the effects of the TRF and

its conmponents on total serum chol esterol |evels, the

HDL- chol esterol /total chol est g0l .rati - éé%é hol est ero
rati o. Feeding conditions me&@ an Fggﬁsggﬁﬁﬂﬁh%gﬁgségiﬁé aﬁgle 12.
The sanpl es werd®an abanE(23 minutas yeder nthe fobleowing gonditions:

20 pl sample, p-Porasil column (Waters column, 104,
4 mm x 30 om) using an isocratic system of hexane and
isopropanol (99.75%:0.25%, v/v) at a flow rate of 1.3
ml/min.; and |

_ (b) - an ability to inhibit the synthesis
of B-hydroxy-g-methyl glutaryl coenzyme A reductase.

18. The tocotrienol or tocotrienocl-like
compound according to claim 17, wherein said HPLC
elution time is about 32, 36, 45 or 54 minutes.

19. The tocotrienol or tocotrienol-liike
compound according to any dne of claims 4-8, 17 or 18,
obtained from a biological source.

20, The tocotrienel or tocotrienol-like
compound according to elaim 19, wherein the biological
source is stabilized.

21, The tocotrienol or tocotriencl-like
compound according to claim 19 or 20, wherein the
biclegical source is a plant source.

22. The teocotrienol ox tocotriencl-like
compound according to claim 21, wherein the plant
source is selected from the group consisting of cats,
oat bran, oat bran oil, barley, barley bran, barley
bran oil, rice, rice bran and rice bran oil.

23. 'The tocotriencl or tocotriqpol-like
compound according te claim 22, wherein the plant
source is rice bran or rice bran oil.

This Sheet Has Been Replaced
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The results are displayed belowin Table I X. 15 | es of increases or

decreases are in  parent heses. H!lll!lllll{!"{llﬂ@ffy -

Concentration in serum (ng/dl)

HDL - LDL- HDL- Chol estrol / HDL- Chol est erol /

NUTRI TI ONAL STATE[err] Cwel esterol Chol esterol Chow&sterol total

Chol esterol LDL-Chol esterol 5 1) Contral Diet (CD)

142. 77[err] 1. 916[ err] 83.66[err] 55.06[err]O. 89[er'jT — .59
1 52 (100. Oq‘)[err] 1 6‘888&5}3\&?{? BEEN
(100.00)[err] (100. 00)[err] (100. 6O)terr— 2+ CD +
TRF - RBO 125.10[err]1.50[err] 78.71[err]1.06[err] 43. 47[err]0.78[err]
??2395) 13281 24. The to 5€E 1 or tocote24%§§ ke (94.08)
131. 71[err] 1. ogf’é'é’f’]‘“dsﬁf;i?ﬂde‘ﬂ‘ﬂ] B°6§’Tiér9q= of g}aims 48,0 16PET LB/

0.61 obtainésd byl @hemical syiehmzis. (92. 2) (96.19)
(87.12) (104. 30) (110. 40) 4) CD + [err]
116.86[err] 1. 47[err] 78 39[err 0. 96 err] 37.52[err]0.81[err] 0. 67
2 .09 foodstuff comprising thé toecotriencl

or tocotrienol=like compound according to any one of
claims 4-8, 17 or 18 or mixtures thereof.

26. The foodstuff of claim 54, further
comprising TRF, Psq, @=, B~, y~ or é-tocotriencl.

27. A Qietary supplement comprising the
tocotrienol or tocotriencl-like compound aceording to
any one of claims 4-8, 17 or 18, or mixtures thereof.

28. The dietary supplement according to
claim 27, further comprising TRF, tocotrienol, a~, B-,
r=- or é-tocotrienol.

29. A pharmaceutical composztzon(for
treating or preventing hypercholesterolemic~raslated
diseases, thrombotic diseases, atherogenic diseases,
inflammation, immunodeficiencies, fever, edema,
diabetes mellitus, cancer, signs of aging, pain, septic
shock, chronic fatigue syndrome or functio laesa, or to
decrease lipoprotein (a) concaentration in the bhlood or
to increase feed conversion efficiencg)comprising the
tocotrienol or tocotrienol=-like compound according to
any one of claims 4-8, 17 or 18 or mixtures thereof,
and a pharmaceutical carrier,

30. The pharmaceutical composition according
to claim 29, (further comprising TRF, Poy, a=, B=, y~ or

ﬁ-tocotrienol)

This Sheet Has Been R
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50 ppm (81. 85) (93. 70) (68. 14) (114. 50)

(157. 50) 5) CD +err] 119.40[err] 1. 47[err]

77.87[err]0.97[err] 36. 14 er 97fer++— 0.65 2.15

50 ppm 83.63 93. 08 : 111. 30

(14??80) 15 6) E:D[erri e (92 91 mmw“ﬁnlﬂﬂlum“t8 88[((arr] 1. 5)2[err]

22.16[err]0.57[err] “ 0.74 50 ppm

(65. 05) (82.33) (40. 25) (126 50) (204. 60)

7) CD + P-25 - [err] 95.51[err]1.11[err] 70.12[err] 1. U Pty

23.00[err] 1. 27[err] 0.73 - 98 3.05 E&’LA' A3 BEEN

(66.90) (63.82) (41.77) 1125. 30) 2066 CED

8) CD + Cereniot 122,53[err]1.37[err] 82.28[err]06[err]

?3903[5)6”] 10. %g%egg]) 0582 5@9;: Q:eutical gi¥ion tor (85. 82)

Lovstatin 12et¥emtding eropreyenting ingieppationy émrnﬁae‘i\s%%fr?ﬁ 1. 26l

?82351) _ d;seahe% fever, edemaloalpbetas mellitus(OQander, I(97 28)
rani ol +

119. 920. 91[err] ‘%0?‘3"‘?0 Rainy, ;?‘;ﬁ%ﬂd 4 ‘"""% 4 Iﬁtf@ 0.67

1.96 chronic fatiguegsypdrome or f(ﬂ%*t g) lassa, &0 o)

(115. 20) decr(e‘a%& 98popFotein (a)5EoneentratrionsGnpphe blood orl Feeding

peri od as 4 ek nclele gheddulivigsibh bbAGMAIRY QRRRrNbind s, OXPT essel

as neans [err] I rds per

Per cent ages of Rmercase%"ori'd&rr ¥atecotnienod pér%rﬁmti“ [err]

Val ues not shahidpaegommon superscript letter re different at P < 0.01.
30 Plerr] and P[err] decreased the |evels of serum
chol esterol to a subsgantially greater degree than any ot her
conmpound tested, includi8g.Ldvastthbinfandereating Ger prevénting err] caused

about a 33%re-%§gek@g' k2NERL orbd ed a 14%
reducti on and E ovgé?g‘?leﬁo"'c?t}cegggﬁ?&a 10 gérduc?%on ﬁg[err] and
Plerr] wetiseases, c?EB?#%ﬂeéﬁﬁef’i"ﬁ? 98 INEAaPpRELIORomounds i n

i nCreasi ng t he inunblBEicheneider dever| i edemafoidiabbtes mellm conpounds

e Oher 3 k) GRS o A, pasn, ‘i kel b a0, W o
fatigue syndrome or functio laesa, t.o decrease
lipoprotein (a) concentration in the blocd or to
increase feed conversion efficiency in a patient
comprising the step of administering to said patient a
pharmaceutically effective amount of the pharmaceutical
composition according to claim 29 or 30,

33. A method for treating or preventing
inflammation, immunoregqulatory dissases, fever, edema,
diabetes mellitus, cancer, signs of aging, pain, septic
shock, chronic fatigue syndrome and functio laesa, to
decrease lipoprotein (a) concentration in the blood or
to increase fead conversion efficiency in a patient
comprising the step of administering to said patient a
pharmaceutically effective amount of the. pharmaceutical
composition according to claim 31,

34. A method for decreasing the total serum
cholesterol and LDL~-cholesterol in a human or animal
conprising the step of administering to said _l_'x_mg:g____

Sheet Has Been Replaced
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- 70 - Exanpl e 14 W next
nmeasured the effects of TRF and its conponents on serum | evel s of

apol i poprotein (a)[err], apol|poprdTern~B~\LLLg‘XFe%%ggs and gl ucose
and the 5 plasma |evels of thronboxane t factor 4.
Feeding conditions were identical to Exa m ﬁ ”” The sanpl es

were prepared as descri bedwn * Exanpl e "2¢ The results
are displayed below in Table X 10 Percentages of |ncreases or decreases

are in parentheses
THIS SHEET HAS BEEN

- 96 ~ REPLACED -

animal a cholesterol~lowering effective amount of a
foodstuff according to claim 28 or 26.

35. A method for decreasing the total serum
cholesterol and LDL-cholestarol in a human or animal
comprising the step of administering to said human or
animal a cholesterol-lowering effective amount of a
dietary supplement according to claim 27 or 28.

36. A method for inereasing the HDL/LDL
cholesterol ratie in a human or animal comprising the
step of administering to said human or animal a
cholesterol-lowering effective amount of a foodstuff
according to claim 25 or 26.

37. A method for decreasing the HDL/LDL
cholesterol ratic in a human or animal comprising the
step of administering to said human or animal a
cholesterol-lovering effactive amount of a dietary
supplement according to claim 27 or 28. %

38, A method to enhance the yileld of
tocotrienols and tocotriencl-like compounds from the
tocotrienol rich fraction of a biological source,
compriging the steps of:

(a) dissolving the tocotrienol rich
traction from a biological sourca in a solvent,

() contacting the dissolved
tocotrienol rich fraction with an amine column, and

{(c) eluting the tocotrienocls with a
solvent that does not substantially elute impurities.

39, A method to enhance the yield of
tocotriencls and tocotrienol~like compounds from &
biological source, comprising the steps of:

-This Sheet Has Been Replaced
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71 TABLE X
Concentration in serum (ng/ 100 nm) '

Thr onboxane Pl t aet et Nutritonal State[err] APO Al err] APO
[err] Triglycerides d ucose : Blert] {pgin) Factor 4 5
(ng/m) 1) Control diet; (ﬁlmg "‘ﬂ“‘ “m lﬂm 10 74.03
224. 30 25. 84 ~ 13. 09
[err]1.7[err] [err]0.84[err] [err ‘
[err]5.30[err] [err]0.84[err] [err]O 49[ er I ' Tis SHEET HAS BEEN
(100.00)[err] (100.00)[err] (100.09)é?rr] (100. 00 [err [REPLACED
géogboo)[e”]m 7%100'00)[er2r1]2 50 2005Ds+ e 585;7 Hussu

: : : ppm -
[err] [err]0.28[err] *xtrd I r]
[err]o.o8ferr]  [orr]0 9dlets ")1 ® . e&lﬁg%}é[geg,]o;o %aiosr'rgfiﬁ
(99. 86) (87. n orggnig golvent, (g, 74) (79. 53) (73.87)
3): CD+ [err]; - 139. 60 29) Smeating the exifie@ted sourcd,lGrdd
21. 63 8.78 |
[err]0.16[err] [er r]& 32[ xRQthing the ﬁéath?lﬁ%é}g%fﬁgi
[err]0.89[err] S9¥%9-0. 72[err] (99. 43)
(88.52) (191. 91) (96. 70) (83.71) (67.07) 15 4)

8. 36 50 ppm et 47[err]
[err]1l.37[err] wherein the heaking of step (W rie apepapiished aritho. 7

cD [err] 139. 80 4029 A3 met.hnt ‘“f‘i"g‘%@r tf’ Z,Fas;o 19. 22

(99.37)  (89. Aerowave 5831.-.49) (93. 05) (74.38) (63 87)
5) CDerr] 139. 30 27. 30 60. 50 205. 30 18. 65
8.23 50 ppm [err]1.4[err] [err]0.28[err]
[err]2.50[err] [ edt] 1.Be{ qethod accordingr thOcheimrlg or 39,
[err]0.77[err] vﬁﬁrem the biolo;mal sourge is 8 bQQnQZQour&egZ 48)

(81.72) (91.53) (62.

P-21-T[err]: 138. 40 25. 40 56 22 198 80

16. 74 7.76 42. The method according to claim 41,

wherein the plant source is selected from the group
consisting of oats, peanuts, pine nuts, oat bran, oat
bran oil, barley, barley bran, barley bran oil, rice,
rice bran and rice bran oil.

43, The method according to claim 42,
wherein the plant source is rice bran or rice bran oil.

44, The method according to c¢laim 38,
wherein the solvent of step (a) is hexane.

45, The method acecording to clainm 38,
wherein the amine column of step (k) is a Bond Elute
amine or cyano column.

46. The method according to claim 38,
wherein the solvent of step (c) is a gradient system of
0.5% -~ 3% isopropanol in hexane.

47. The use of a stabilized bialoqidal
source for decreasing lipoprotein (a) concentration in

Thzs Sheet I
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50 ppm [err]4.4[err] [err]0.40[err]
[err]1.11[err] [err]2.10[err] [err]1.62[err]
*1.67[err] (98.79 6.74) (75.94)

(88.63) (64.78) (59. 28) Img j{l}z; 138. 70

25. 20 54. 65 196. 10 7 25 50
ppm [err{2 7[err] ““MU [err]1.42[err]
[err]1.74[err] [err] 1. 36[er(] [err]O 74[ errd _
(98.78) (76.13) (73.82) - (87.43) (BﬁS@EﬁETHASBEBN
(55. 54) 8) CD + Ceraniol; 138.40 29. 20 REPLAPED
227. 60 25. 46 12. 38 - 98 - 100 ppm '
[err]1.7[err] [err]0.45[err] . [err]1.19[err]

[err]2.03[err] errll.52[err] err]1.2 re
(95, 55) (55, 22he Blodtacihgredtfig lrang, conyétedon ggieliney or dy o7y 3
9) CD [err] Lovtise dirieatngdd. o9prevantibngof cne or mogé. 02 the 220. 10

24. 891 03 12. Zﬁollowlng d;seaéég)d¥3@bnd1tion Hmmﬁné egulai6¥i]‘3 89[err]
%2;;}1 49%5;;} diseases, ?nflamméﬁion, fever, idqg;g gyte ? 7. 95)

(84.51) (@€.1i%ns, cané@, AAgns of 49Engl)pain, rheundtbidD + Ger ani ol

[err] 139.60 tig . 9 221. 70
20 05 1519  diseases, peptis shogk, chronig fasijbe Bynqriiis ttha

[err]0.34[err] functio lgesy;q ] [err]1.89[err]

[err]0.97[err] [err] 1. 15[err] 33 50 ppm + 50 ppm (99. 43)
(78.40) (89. 29)

Feedi ng period was 4 meekgs' %# Nla g?ﬂéﬂghi%%Fésbmmiﬁ é@%ﬁ‘ﬁP Date
expressed an  the StabilirMSb alogiicad; seurcel dsopkabibized nie

Percent ages of ipygmeses or decreases are in parentheses. _
[err]Val ues not sharing a common superscript letter are different at P <

0. 01. 40 Plerr] and P[err] were the nost potent
- chol esterol inhibitors. They affected the highest Apo Alerr] to

Apo B ratio and resulted in the maxi num decrease in serum

| evel s of triglycerides and glucose. In addition, they al so

reduced plasma | evels of thronboxane B[err] and

\
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- 72 - pl atel et factor 4 to a greater extent than any other

conpound test ed. Exanpl e 15 We
next measured the effects of various 5 tocotrienols fromrice bran on
HMG- CoA reduct ase and chol esterol 7[err]-hydroxylase in
hyperchol esterolemic - swine. Since pigs are very simlar to humans in
their chol esterol netabe¥ism they provide a usef4d nodel from
whi ch to study hyperchol esterolem a and related 10 diseases. The pigs
used in this study carried Lpd5 and Lpu[err] nutant all gt
apol i poprotain B and U. Because of thb@ Eenetic def ect, ﬁ%@éﬂﬁggk AS BEEN
denonstrate spont aneousl y el evated LDE?chol est er ol Ievels—anﬂ
hyper chol esterol emi a. The serum chol esterol 15 concentration in these
swne is typically above 300- 500 ng/dl, as conpared to 120-160 ny/dl
I n normal adult swine. As a result, the pigs devel op conplicated
at heroscl erotic plaques that closely resenbl e advanced at herosclerotic
| esions found in humans. 20 Each group of three 5-nmonth ol d
SW ne was adm nistered either a control diet or a control diet
suppl emented with 50 ppm of TRY or 50 ppm of an I ndi vi dual tocotrienol.
The sanpl es were prepared as described in Exanple 11. After a 12 hour
fast, serum

ABSTRACT

The present invention relates to novel
. tocotrienols and tocotrienol-like compounds displaying
biological activity. The tocotriencls and tocotrienol~
. 5 like compounds of this invention may be conveniently
o cbtained from biclogical sources or by chemical
synthesis and may be used in pharmaceutical
compoaitions, foodstuffs and dietary supplements. This
invention also relates to the use of tocotrienols,

10 tocetriencl-like compounds, and mixtures thereof, as
hypocholesterolemic, antithrombotic, antioxidizing,
antiatherogenie, antiinflammatory and immunoregulatory
agents, or as agents useful to decrease lipoprotein (a)
concentration in the blood or to increase feed

15 conversion afficiency.
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T
25 and plasma sanples were taken at 0 hrs—23—-days—and—--42 days from

the start of the feeding period. After . taki ng.serum and pl asma sanpl es
fromthe pigs at the end of the 42 day, period, all of the swi ne were
fasted for a total of 40 hours, followed by a 48 hour 30 refeeding
period. One swi ne fromeach group was .sacrificed at that tine and the
liver, intestine, |ung, heart, loin nuscle adi pose tissue and ham
nuscl e were r enoved. THIS SHEET HAS B8EN
- _ The swi ne diet contalngqrﬁ?e follow ng’ |ngu§gA@g§s
| ngredi ents Per cent age Corn (9 d%)prULeun,
78. 37 5 'Soybean 15. :
(44. 0% prot ein) Y #ﬁtgid1l\ ME- ég 5310
Cal ci um Car bonat e 0.95 Myristic Palmitic L toleac
' Acid - Acid Acid
- ' 14:0 16:0 - 1621
LIVER .
Normol ipemic Swine _
1) Control Diet (CD) 31,23 134.46 3.16
Hypercholesterolemic
swine _
11) Control Diet (CD) 32,58  271.61 20,39
111) CD & TRF RB oil;
50 ppm 20,22  138.52 17.83
1¥) €D &-Tocotrienel; _ : :
50 ppm 16.17 112,15 3,79
V) €D & p-21-
Tocotrienol; 50 ppm 17,05 = 155.07 6.36
Vi) ¢D & p-25-
Tocotrienol; _
50 ppm (P-25) . 20.30  132.04 12.12
INTESTINE
Normolipemic Swine
[) Control Diet (CD) 34,67 142.66 “--
Hypercholesterolemic
Swine :
11) ‘Control Diet (CD) 16.25 139,01 0.79

It1) CD & TRF RB oil; .
50 ppm 13.79 93.59 .-

1v) €D & &-Tecotrienol;
50 ppm 17.88  85.28 eme

v) CD.& P-21- S
Tocotrienol; 50 ppm 13.36 85.72 ---

This Sheet Has Beén R lac
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S T —

Di cal ci um Phosphat e 0.96 10 M neral M xture[err]

0. 30 Vitamn Mxture[err] 1.00 a M neral

m xture contai ned per kg feed: zinc sulfate Herr]O 110 ng; manganese
sulfate 5Herr] O 70 ny; ferric citsrate Herr]O, 500.0 ng; copper

sulfate 5Herr] O 16.0 ny; 15 sodiumselenite, 0.2 ng; DL-nethionine, 2.5 |
g; choline chloride (509, 1.5 g; ethoxyquin (1,2-dihydro- @yis SHEET HAS BEEN
et hoxy-2,2,4-trinethyl-quinoline), 125 ny; and t hi am ne- HCO , 1 rBPYACED

b\/tamn m xture contai ned per kg feed: )/ amn A 20 1,500Omnits;
vitamn Dlerr], 400 wnits; vitamn 1, 1(2 ! units, riboflavin, 36ng;

cal ci um pant ot henate . ni aC| Nge25.0 ng yri dox“ e HO , E3 0 ng
f ol aci n, 0.55 bi 0 ﬂg B
tam n ”U'%WE% “2@#%a®@ T

vitanmin Klerr], 0.55 np. Pﬂlm
groups was conpar abl e to the control ,Acdid houghAtédd co dsi orAcid
efficiency increased 7% wi th P21 and 10% 16:th PlerB:0 18:1 18:2 The
results of this skiMBR are displayed in Tabl e XI. Percentages of
i ncreases and dediorawéipemic 3Qineéhown in parent heses.
I) Control Diet (CD) 0.49  183.54 3.4% 185.89
Hypercholesterolemic
Swine

[1) Control Diet (CDY  17.87  94.45 189.89  5.12
111) €O & TRF RB oil; | '
50 ppm “se 140,49 150,07 ---

‘1) CD &-Tocotrienol:
50 ppm , 17.21 141.89  157.99 1.94

V) (D &P-21-
Tocotrienol; 50 ppm 19.59  183.63  198.40 ~an

Vi) CO & P-25-
Tocotrienol;
50 ppm (P-25) 18.59 116,89  161.05

INTESTINE
Normolipemic Swine
‘1) Control Diet (CD) 14,62 177.46 141,49  ---

Hypercholesteroiemic
Swine _
IT1) Control Diet (CD) 12.03 150.468 194.12 2.7h

I11) €O & TRF RB oil; | -
50 ppm 3.90 127.93  156.46  ---

1V) CD & §-Tocotrienol;
30 ppm 13,41  124.04 72.37 -
S TTT—————— V) (D & P-21- .
This Sheet Hy Tocotrienol; 50 ppm 15.97 107.39 - 151.61 2.29

//m///mr////:/t//iif“‘ o 025

Tocotrienol; 50 ppm  17.89 115.53  71.65  0.73



- 74 - ' TABLE XI
HMG CoA REDUCTASE[ err] pg/mn/ng of m crosones

Experinmental Diets Per cent age
Feedi ng Peri od of Control Activity
NUTRI TI ONAL STATE[ err] : D-Tine Zldmw 42 days
Hyper chol esterol eni c ' 355. 49 374. EET HADBERDS
SW ne . [err]8.44 ? f%?é ACbD
15. 75 . ( 100. 0 \¢ua‘257““‘
(110. 09) 100.00[err] 10 2) 3&3Btrol Diet (CD) 3) CDTRF
RS-at [err] 50 ppm 348. 92 300&72 §85 13 Total
[err] 10. 82 [err] 10. [ er rfE5. 58
(100. 00) (86. 19) Eﬁ 1G.. ) ljamee@unr&rach‘d°“‘ﬁ ﬁ:::y
CDlerr]T[err]; 50 ppm .99 acid . 300A¢ id _ 9%0.88 15
[err] 16. 29 [érr] 10.53 *12 9413 2024
( 100. 00) (86. 19) (80. 71) 73.31[err] 5)
CD[err] P-21- T[err]wE 340. 36 304 23 526 275.75
50 ppm ine [err]2 [ ersd /6
(100. 00) (8Ho8 F‘%%fi( géng) i@s 59[ er r'] 20 6)
CD+P-25-T[err]; 1) Gontrol 50. 86 ©307.27 269.43 - - -
50 ppm [err]23.79 [err] 23. 36 ferr]13.23
(100. 00) (8i7§§$cho\esterq¥ﬁ9‘?9) : 65. 75[ err] £34.06
Swine L piet (O 1.06 109 |
Contro .53
1), o & TRE B8 oils ... 3.2 470
50 ppm _
L] ‘-58
vy €0 g-Tocotrienct; 1.9% 1.50 .45
50 ppm

S 25
.21- 1.02 603,
v %%cttz1eno L; 50 ppm 5.08 :

o el ' 482.15
Tocotr\i2°;§) 2.08 1.08
50 ppm (P-
INTESTING ¢ s .. ST
Normpltpemlc gwine 2.86 -
1) control Diet (D)
vaercholesterokemic - 51690
??;nEControl piet (CDJ =t
{11) CO & TRF RB oil; . 1.02 396.78
50 ppm
vy 0 & § -Tocotrienol; . ggs 319
50 pem :
Sheet Has Been R laced " 0 & p-_?-‘l . B . '0'. 8 372 12
- HlI T l\ll 1 D s _
0.77 330.28

o & P-23- .-
VI) Tocotrleﬂo ; 50 ppo



Cor n-soybean neat control diet or experimmtal
sw ne for 42 days. Then al
refed for 48 days. The time of 25

ti ssues were kept on ice.

diets were fed to 5-nonth-old
groups were fasted for 40 hrs, and

sacrificing was 9:00 a.m Al
TRF = Tocotrienol - R ch- Fraction.
2

Dat a expressed as neans [err] SD, n= 6 sanple of 3rswne
[err]

. . N SeEE S TRE
Val ues not sharing a conmon superscript letter af 658 ¢ t B
0 01 | iﬁiﬁéﬁn75

<
CHOLESTROL 7[err]-HYROXYLASE[err] p /n?y/ng of m crosones
Experinental Diets Per cent agg / . Mg- ME~-
Feedi ng Period of Control ME- "H, . \mitoleac
Activity 5 NUTRITI STTA[ err] MyrigtTenePélmitic Ralml 62
days © Hyper chol ekt'@?8 €ni c Y id 2AGH €18 00
[5. 07]0 swi ne . 140 err]OﬁGfD 16p 'rr]O. 60
err]0.61 i . .
| LW ic Swine
Normolipemic 87.75 o
1y Control Diet (CO) 15.12
Hyperchoteéterolemic '
ine : - 122.15 T
?:) control Diet (CD)
1 gt; :ngRF RB oil; 21.49  115.94
1yy €D &-Tocotrienol; 75.46
50 pp .
y) €D & p-2i- - 68.19
Tocotrienol; 50 ppm
Vi) CD & Didesmethyl-
Tocotrienol; . 76.89 .-
50 ppm (P-25) '
HEART
Normol ipemic swine . 42.63 .o
1y control Diet (C0)
nypérchbléSterolemic
ine ' 27.52 i
??; control Diet (CD) 4.86
111) €0 & TRF RB oil; oo bheB .
50 ppm
1v) CD g-Tocotrienol; . 42.23 -
Thlis Sheet Has Be.eﬁ Replicen 50 pem ) .
| l N cp & P-21- e 4,19 ===
MM > 2sr2,
Vi) €D & P-25- 3.4

Tocotrienol 50 ppm aew



\\.

(100.00)[err] (102.66)[err] (103.89)[err] 100. 00[ err] 2)
Control Diet (CD 10 3) CD+TRF RB-olt; 50 ppm 4.58

4. 96 5.02 [err]0.10

[err]0.13 ~ [err]0.11

(100. 00) (108. 29) (109. 61) 105. 50[ err] 4) —
CD[err]T[err]; 50 ppm 4. 49 4.53 THIS SHESd 1ia5 prpy
[err]0.13 [err]0.12  [err]0.19 15 REPLACED
(100. 00) (100. 89) (102. 00) E? CD+Desnet hyl -T[err];

4.53 4.50 . 4.63 5/13 (p.21): 50 PRI '

[err]0.10 [err]0.18 éfrr]o 36 ME- E- ME-

(100. 00) (99. 34) (102FJ:G. 2B o8 geimitglaic Steédric Oleac .
CD+Di desnet hyl -T[err]; . 4. 57 Acid 4.62Aeid Acid4. 68 20
(P-25); 50 ppm . [err]0.19 }Q 19 18:0 “[1g:n] 0. 18
(100. 00) (101.09) 102. 41) 98 58[

Cor n- soybean neal contro %
5-month-ol d swine for  NOrme

. Then | .grou t for
40 hrs. and rated for 481Haﬁmtl‘¢h@§tﬁtm§%) % 02 @V\%m n?’wg 19:00

a.m Al tissues were kept on ice. TRF = Tocotrienol - Rlch 25

Fraction. Dat a eaxmgeuemﬂmgmsc[err] SD, n = 6 sanples of 3
SW ne per group; jnePercentages of Increases or decreases in

Suporscript |etter ZJ?'e“Sf Hefsnﬁfé& Die¥ Rigy " -ser! NS, 8pTe. 29
hepatic enzymatic activity of the HMG 30 CoA reductase decreased

approxi mately 30% wi t h alfll)t B8 & TRF RBoodt}ienols tested. In addition,
there was no si gni ficad0 pemrease in the agédity 1d8. Bhol eSbebdbl 7a-
hydroxyl ase. These results were all tinme dependent and point to an
overall reduction in chohﬁst %ﬁogeﬂ?c%ﬁ"teﬁéh with no increase in chol esterol

bi osynt hesi s. . awwl e
Further tests were conduct ed 38nPPMe swi ne 10272 58.71

% or, ex erlnental dlets were fed to

V) €D & p-21-
Tocotrienol; 50 ppm ==~ 133.06  50.78

V1) CD & Didesmethyl-

Tocotriénol; '

50 ppm (P-25) ewa 46.86  80.19
HEART
Normolipemic Swine _
I Control Diet (CD) ven 69.35 59.35
Hypercholesterolemic
Swine

11) Control Diet (CD) 11.87 59-18 47.43

§§~§\\\\—§““““-\‘~5 I11) CD & TRF RB oil;

L 7 e

Tocotrienel; 50 ppm  6.13 21.56 18.53

vi) €D & P-23-
Tocotrienol 50 ppm  4.73 12.38  12.92

Ty



described in Exanple 16. The experinental

conditrons

were the sane,

except that the twewiaeni ni ng swine i nhgghe@gﬁpB&m%anpre transferred to

t heunsuppl enment ed
- 76 -

control diet follow n

After an additional 70 days,
collected fromthese swine after a 12 hour fast -

serum and

TN

The sanpl es were prepared as described in:
The results of these studies are displ ay¢gd3

10

Per cent ages of mcreasa@ndgc

for
Exanpl e 12.

[&edl ng pef

[ T8¥S SHEET HAS BEEN
wer ‘%EPLACED

CDLI "U

beI ow in Tables Xl I-XV.

decreeh%es ar own in pahEnt hesesmtall
' Linoleac Lmol.emc Arachidonic Fatty
Acid Acid Acid Acids
18:2 18:3 20:4
LUNG
Normelipemic Swine
[y Control Diet (CD) .=- v .- 317.51
Nypercholesterolemic
Swine
11) Control Diet (CD) .-a .- .- 409.25
111) CD & TRF RB oil;
50 ppm . “-e .- 321.36
IV) CD &-Tocotrienol; )
50 ppm 3.32 ane “ve- 297.61
V) CD & P-21- .
Tocotrienol; 50 ppm .- == .== 251.99
Vi) CD & Didesmethyl-
Tocotrienol; ‘
50 ppm (P-25) 3.39 3.32 310.65
HEART
Normol ipemic Swine
1) Control Diet (CD) w-- a-- —-e 171.33
Hyperchalesterotemic
Swine :
11y Control Diet (CD) .- o=- o= 140,86
111) €D & TRF RB oil;
50 ppm s “- o= 197.39
1¥) €D &-Tocotrienol;
SO0 ppm ane ame .ae 190.69
V). CD & P-2%-
' Tocotrienol; 50 ppm awa cen sea 50.41
vi) CD & P-25-
Tocotrienol 50 ppm -e- --= =-a 33.47




TOTAL CHOLESTEROL CONCENTRATI ON I N SERUM (ng/ 100nt ) [err]
Experinental Diets Percentege Control D et Per cent age
Feeding Period of Control Feeding Period of Control

NUTRI TI ONAL STATE[ err] DTime 21 days 42 days Activity 70
days Activity 15 Nor nol i pem ¢ sw ne 1) Control Diet (CD
116. 53 131. 83 142. 50 147. 20 I —
[err]5. 66 [err]6. 64 22.75 [err] 4. 43 THIS SHEET HAS BEEN
(100.00)[err] (113.13)[err] (122.29)[err] - 226 BAAGED)
-- 20 swne 228. 63 251. 07 356. 87

374. 36 2) Control Diet(CD) [err]21.89 [err] 16. 82

[err]8.69 [err]13.50 (100. 00)
(110.02) (156.79) 100. 00[ err] (164.60) 100. 00[ err]

3) CD+TRF RD-oil; 206. 43 222. 00 243. 03 255. 77
50 ppm [err] 18. 45 [err] 15.75 [err] 12. 28

[err] 14.00 25 (100.00) (107.39) (117.72)

75.00[ err] (139.16) 84.60[err] 4) CD+err]; 50 ppm

209. 73 225. 20 233. 93 271.70

[err]8.50 [err] 8. 36 [err]5.35. [err] 6.84

(100.00) (107.39) (111.76) 71.00[err] (129. 66)

78.80[ err] 5) CD+P-21-T[err]; 220. 50 236. 40 23. 17

276. 23 30 50 ppm [err] 16. 54 [err] 18. 17 [err] 14. 29
[err] 15.93 (100.00) (107.20) (108.20)

68. 90[ err] (125. 39) 76. 20[.err] 6) CD+P-25-T[err];

216. 20 229. 90 237.64 268. 90 50 ppm
[err]12.50 [err] 13.97 [err]12.15 [err]11.41

(100.00) (106.33) (107.60) 68. 60[ err] (124. 45) . :
75.60[err] 35 [err] Feedi ng period was 6 weeks. Tine of drawi ng the
bl ood was 0.009 hr. after fasted for 12 hrs.; TRF =

Tocotri anol - Ri ch- Fracti on. [err] - Data expressed as neans [err] SD;
n = 6 sanples of 3 sw ne per group. Per cent ages of increases or-

decreaes I n respect to baseline val ue.

# = remmmt e e MY Pr AN o

This Sheet Has Been Réplaced

(VA

o - 7/13
ME~ - _ ME- ME-
FIG. 3A Myristic Palmitic Palmitoieac
' Acid Acid Acid
' 1450 - 1630 16:1
LOIN MUSCLE
Normol ipemic Swine
I) Control Diet (CD) 23.51 125.97 .-
wypercholesterolemic
Swine
—A et 2404 oo s e e

Thoncer Tntn 27/HR §3A13038



[err] Values not sharing a comon superscript letter are different at P <

0.01.

- 77 -

X1

CONCENTRATI ON | N SERUM ( ng/ 100m ) [err]

TABLE
HDL-  CHOLESTROL

THIS SHEET HAS BEEN

Experinental Diets Percentage Control Diet Per cent hge REPLACED
Feedi ng Peri od of Control Feeding Peri od of _Control 5=
NUTR[ T] ONAL STATE[err] D Time 8/?3 days 42 days Activitvy
Z:gn??gis Di et (CD) égt ;\élty 23, 63 Nomaé-l heT o WekDe oﬁ;c Y 29.78
[err]0.67 [err]0.62 nemc St“{é’f'r] 1,4-3
(100.00)[err] (113 82)[eF\] -( 36. 85)[errhc‘d 183 _
(24114625)[6”] . - 2-7- 10 Hyper claglgst erol o 22 S\é\ll) ne
Control Diet (CD) rr [err] 0. 86 [err] 0.6
[err]1.67 {.NN MS éc suine . 359 Bg @s a0
normol {pemt ) 5.
1y contral piet (&8}
ie
“yperchotes:ero\em 3 g3.61  58.72
e -
si‘:‘)n control Diet {=)) .
. .1
(11) €0 & TRF R8 oil; .08 18
0 pee %0
tyy & g-Tocotriencli . (8.67 13
50 ppm "
o & P-2- .. omass
v 7ocotrienoti 50 e '
g P-29" - 5.87
. Vb 1ocotrien°‘~: 1.37 12.39
50 PR
SUE .23
:ﬁzipi}nsic swine .e- s22.76 3V
‘:‘; control Diet (0
uvperchgleste"c“’f'"c o187 16042 29.76
i\:i)mt:ontrol piet (CO)
- . Sh
111) €0 & TRF 88 oil; 70 w27 B ’
// 0 '
ppm
s Becn Replaced s anol? 5, 184.89
\‘““\ yyy €D & 8-TocORriENeHl  g.95 ai.
\\\\\\\\\\\\\\\\\\ 5o e
& P2\~ : - 6.80
E’zcotrleﬂ“ S0P a7 we. 7
{y ©0&P% rocatrieneti oy qgzan 150
v »
50 pem

aeet 11 'ld‘f

etA



(100.00) (107.40) (117.59) 10000 err] (130.69)

100. 00[ err] 3) CD+TRF RD-0i | ; 23. 36 25.14 26. 50
30.19 15 50 ppm This SheeqHas Brep Rgglaced [err] 1. 49

[err]1.84 [err]1l.21 6”"”,

(100.00) (107.62) (113.44) oq. (129. .
98.89[err] 4) CD+[err]T[err]; 50 ppm - 21.8E%%EEEEE§F S BEEN
28. 55 30.47 | REPLACED
[err] 1. 67 [err]1.62 [err] 1. 62 -
(100.00) (115.59) (130.60) 111. 06[ eB¥]1 3 (139.39) 20 5)
CD+P-21-T[err]; 22. 95 26. 23 30. 74

31.15 50 pp Lerr]l. 7pe. [erriy@.89
[err]l.13 Lo ni:!G' 8&r1.73 Li Héleac Hn'SE ¢ ractgdoniz :ozt.l
(100:00) (114.29) (133.94) 113. 90[ eF L4 q g§§.7 h atty
103. 80[ err] 6) 'CD+P-25-T[err]: yg. 21 9305 z’%gl 3Aedgs
32. 65 LR MR Bifr10 99%3  [er 8947
[err]1.75 Ferr]l.09 25 , (100. 00)
(117.47) (145, s¥prmoli !W%;é?? (149. 36) - 114. 29[ err]
[err] Feedi ng per FeRFrRhL1 ks. Ting*df drawi A§"the bl odd=was 0. 09.3%
hr. after fasting for 12 hrs. [err] Data expressed
as means [err] %sgetchvlemrgh«plces of 3 swine per group; TRP =

Tocotri enol - Swine Ri ch-Fraction. 30 Per cent ages of

i ncreases or decridascfontnot @dper{Cddo baselskme val ues=« [err] Val Ug?.50

not sharing a common superscript letter are different at P < 0.01.
111) CD & TRF RB oil;

50 ppm - ane asa 109.54
IV) €D & &-Tecotrienol: .

50 ppm . mee v-- we- 76.67
V) (D & P-21-

Tocotrienol; 50 ppm == m.- == 56,06
vi) €0 & p-25-

Tocotrienol; :

50 ppm 31.20
ADIPOSE TISSUE
Normoel ipemic Swine
1) Control Diet {CD) ee- eav 3.4 852.94
Hypercholesterolemic
Swine
11} Control Diet (CD) ".- von 7.8 728.54
I1I11) CD & TRF RB oil;

50 ppm. _ e 2.2 585.98
IVv) €D & é-Tocotrienol;

50 ppm e . e 2.0 355.91
vy CD & P-21-

Tocotrienol; 50 ppm ) _ _

ans vas 200 2‘8-85

Vi) €D & P-25 Tocotrienol; ..
S0 ppm ona sve 1.9 230.3%



- 78 - TABLE Xl V
LDL- CHOLESTEROL CONCENTRATI ON | N SERUM ( g/ 100mi Y[ err]

Experinmental Diets Percentage Control Diet Per cent age,
Feedi ng Period of Control Feeding Period of Contr ol 5
NUTRI TI ONAL STATE[err]. O-Ti e 21 days 42 days Activity
70 days Activity Norm i pem ¢ Sw ne THISIQHE@@M 8kEN
Diet (CD) 92.84 107. 31 110. 88 115 Z{@;pLACED
[err]1.01 [err] 1. 22 [err] 9. 66 [err] 11769
(100.00)[err] (115.58)[err] (119. 43)ﬂ@%ﬂ5-- (124.62)[err]
-- 10 Hyperchal esterol em c SW ne 192. 84
216. 39 319. 39 274. 11 2) Control "D et
(CD) [err]11.89 [err]13. 46 [err]6.02 [err]13.55
. (100.00) (112.21) (164.07)
100 00[ err] (142. 14) 100. 00 3) CD+TRF RD-oi | ;
177. 28 187. 15 209. 09 267.08 15 50 ppm
[err]10.97 [err]13. 49 [err]11. 86 [err] 7.7
(100.00) (105.57) (117.94) 71.88[err] (150. 65)
105.99[ err] 4) CD+[err]; 50 ppm 175. 37 185.12 193. 80
224. 66 [err]6.32 - J[err]6.63
[err]2.70 [err]3.71 (100 00)
(103.78) (108.65) 66. 22[ err] (125.95) 1 88.61] erﬂ
5) CD-P-21-T[err]; 182. 09 196. 17 MIB8. 76 ME- \eac
227.82 50 pprTF . fA [ ergyrideds PeLmtﬂ]cll Pasmitolea
[err]9.57 l(abrf+ 1 33 Aci Acid Acid
(100.00) (106.63) (109.15) 66. 53[ err] 4s 125. 13410 16:1
82.02[ err] - - L
HAM MUSCLE _
Normol ipemic swine wim 141.38 ==
1) Control Diet {(CD)
Hypercholesterolem1°
Swine . 3.41 24.15
11y Contro! Diet (CD)
111) €D & TRF RB oil; 38.92
50 ppm
vy ©b & &-Tecotriemoli o 45
soeem o
v el ;
Tocotrienol; 50 ppm 5.35 25.21 .-
viy €0 g p-25 Tocotrienol; . 7.9% ==
S0 ppm
This Sheet Has Been Replaced

il il




6) CD+P-25-T[err]; 182. 37 191. 05 198. 01

233.75 50 ppm [err]11.92 [err]8.78
[err]6.04 [err]7.49 25 (100. 00)
(104.76) (107.48) 65. 51[ err] (128.17) 90. 17[err]
[err] Feeding period was 6 weeks. Tinme of drawing the bl ood was 0.009 hr.
[err] Data expressed as neans [err] SD;; n = 6 sanples of 1§
group; TRF = Tocotrienol - Ri ch-Fraction.”’ fgp??%EEE&%ESBFFN
Percent ages of increases or decrease in respect to baseline valde- %ﬁ&
[err] Val ues not sharing a common supgrAtBipt letter are different at P <
0. 01. . , - 79 -
TABLE XV HDL: LDL CHOLESTROL®
CONCENTRATI ON | N SERUM (ng/ 1000m )[err]
Experimentel Diets Percentage Control Diet Per cent age
Feedi ng Peri od of Control Feeding Period of Control
ME- ME- ME-
FlG. AB Palmitelaic Stearic Ole'ac
Actd Acid Acid
16:1 18:0,  18:1
HAM MUSCLE
Normohpemc Swine : . .
1) Control Diet (CD) "es 59.94
Hypercholesterolemic
Swine ana 21.59
11) Control Diet (CD) 149.91
1nn €D & TRF RB oil; e 86.04 e
50 ppm
w') ‘D & §-Tocotrienol; o 130.08 e
50 ppm
v) Cb & P-21-
Tocotrienct; 50 ppm . o .
vi) €0 & P-25 Tocotrienol; . 60.06 e

. 50 ppm

This Sheet Has Been Replaced
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- T ——

5 NUTRI TI ONAL STATE[ err] O-Tine 21 days 62 days Activity

70 days Activity Nor nol i pem ¢ Sw ne 1) Contral- B
1:4-47 14.54 1:3.90 1:3.89 1{P£r AS BEEN
(100.00)[err] (101.57)[err] (87. 25)[err] (87. ACED
-- Hyper chol estorol em c 10 SW ne 1:8.02 _1:8.38
1:11.19 . 1:8.72 2) Control Diet (CD) (100.00) (104.49)
(139.53) 100.00[err] 3) CD+TRF RD-o0i | ; 1:7.59 1:7.44 1:7.89
1:8.85 50 ppm (100. 00) 1&%@02) (103.95) 70.51[ err]

4) CD+[err]; 50 ppm . 1:8.16 1:7.33 9. 79 1:7.37
15 (100.00) (89.83) (82.84) 60. 58[ err]

84.52[err] 5) CD+P-21-T[err]; 1:7.93 1:7.40 1:6.47

1:7.31 50 ppm. - (100.00) (95.32) (81.59) 57.82[err]
83.83[err] 6) CC+P-25-T[err]; 1: 8. 34 1:7. 44 1: 6. 22
1:7.16 50 ppm (100.00) (89.20) (74.58) 55.59[err]
82.06[err] 20 [err] Feeding period was 6 weeks. Tine of drawi ng the

bl ood was 0.009 hr. TRF = Tocotricnot - Ri ch-fraction. [err]

Dat a expressed as neans [err] SD;, n = 6 sanples of 3 sw ne, per group.
[err] Percentages of Increases or decreses in respect to baseline val ue.
[err]Val ues not sharine a conm)n superscript letter are different at P <

0. 01. 25 tocotrienols tested caused the | evels of

total serum chol esterol- ol estero to decr e b bout 25%

and 10% respectively. | ﬁﬁ%d t he “HDL-/ L DR chol ester®” ratio % tal
reduced by about 20% ‘with all three i'@f&ﬂﬂﬁl chinalenis: cArechidonic Fatty
reductions 30 were all tinme dependent. MhAaddver, 't Refdeducti oAeid Acids

observed after 42 days persisted over the {igreeks 18:3 fol | onR0gh
term nation of toM Musal® feeding. This

Normolipemic Swine

1} Contral Diet (CD) nen san ee= T 201.32
Hypercholesterolemic

Swine : : -
11} Control Diet (CD) _mue --e - 199.06

1311) €O & TRF RB oil; . |
50 ppm -ee e .o 118.96

IV) CD & §-Tocotrienol; .
50 ppm o »e- nae 158.74

V) ¢CD & p-21-
Tocotrienol; 50 ppm
.- -ee e 30.56

Vi) CD &'P=25 Tocotrienol;
50 ppm asn .- we- 67.735

This Sheet Has Been Rep! laced
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result suggests that the tocotrienols remain in the

bl ood stream over

extended periods of time. while not 35 wi shing to be bound by theory, we

bel i eve that the tocotrienols m ght be transport
the LDL- dnd HDL- |ipoproteins. Alternatively, the
al so bind to other proteins. -
- 80 - Ex

Thi s exanpl e was conducted to neasure the seru
apol i poprotein (a)[err], apolipoprotein B, tpi
I nsulin and gl ucagon and the 5 plasma | .of éx
pl atel et factor 4 « N the swine described in

The sanpl es were prepared as described in Exanp

The results of these studies are displayed in 10 Tabl
Per cent ages of increases land

£ 30-

N
O
i

SO nmol/S00K CELLS /hr
o
i

o

d oy
© I?ogitrle@%E ?@@B”N

anples 17
m | evel s of

| V3A13 d%.p_.q.k se,
omboxane B[ereﬁand
anpl e 15-8= HB + MeQOM
le 12.  ayx— {0OE=5M

es XV and, X\{ide_am

-10 T T T r T T T |
0 10 20 30 40 50 60 S0 120
TIME(MINUTES)
—+— HBSS
40+ . FIG. 5B -8~ HBSS + EtOH
== 10E-SM
-~v— 10E—-8M
- i -~ 10E=~7M
& 30
9
ound
&
¥ 20
-
3 10
&
This Sheet Has Been Replaced =
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: _ _ 16606
decreases are shown in parentheses. '
TABLE XVI Concent rat fon In Serum (ng/100 m)

NUTRI TI ONAL STATﬁ i , Apo B
Trislyce}ides ni esterolenrc Swi ne

147. 771} r1 1. 50 ,”,,mﬂﬁ"MMr] 1.22 1) Control O JEPLAGEMENT SHEET
(100.00)[err] (100 00) err] o - 89 - (100. 00)[err] 2)

CD+TRF NB-0il; 50 ppm 26.26[err] 1. 07 118. BO[2:5 (QCT. %996
66.67[err]1.39 ' (10k. p2)[err]
(80.12)[rr] (106. 15) SLAIMSi[err]; 50 ppm

26.22[err] 1. 11 114.29[err]1.79 ' 61.7 [err]l 09_20
(102.06){ err] (77,34)[err] (80.69)[err] 4)
CD+P-21-T[err] : 26. 72 erré :% 111. 78 erril 80
64. 44[ err] 1. 29 ocotrienol qn LRA9¥EtT e
(75.64)[err] l%%t’c%%ﬁgs CEP cal
26.75[err] 1. 22 | = SeaiE] PHI%L EIVHGTEPr ] 1. 19

50 ppm | (1&5. H*‘s’)ef‘&’r] (72.16)[err]

(80.98)[err] 25 [err] Feeding period was 6 weeks. Tine of dramnng .
the bl ood was 0.009 hr. [ ] t égggfgﬁg&i ~SD; n
= 6 sanples of 3 sw ne per group x%%:of '%Ot?é%t“ enol - & £585Er1€h61

Ri ch- Fracti on. like rcceptaygtk Sonfthenpreapasetion ofler phasegeiticadspect
t o basel i ne val ues. cpmpositian nsefnbtins fegrenging dtbmmteirpdai;crl pt

|l etter are different at Porc@tgation in the blood.

3. The use of a tocotrlenol or tocotr:r.enol—

like compound for the preparat:.on of a pharmaceutical camposition usefi
in the treatment or prevention of a disease or cordition seleﬁbed from
the group consisting

of immunoregulatory diseases, inflammation, fever,

edema, diabetes mellitus, pain, rheumatoid diseases,

atherogenic diseases, septic shock, chronic fatigue
syndrome - and functio laesa.

4. A tocotrienol or tocotrienol-like’

compound having the formula:

R,

R, R
4
“NCHy),,

R: Rs (RT,m
z. Re

and salts, oxidation products and hydrolysis products
thereof wherein: _

R; and Ry is each independently selected from
the group consisting of H, helogen, OH, OCH4 and C,-Cg
branched or unbranched alkyls; .

R, is selected from the éfodp consiéting of
OH, NHRg, CO,¥, C(Rg),CO,H, and C,-Cq branched or




TABLE XV |

(75.66) (
CD+P- 25-T[ er
19. 15
[err]12. 32[e
(74.89)

Cor n- soybean
5-nmont h-ol d
40 hrs. and
a.m Al tis
Fraction. 25
SW ne per gr
respect to b
superscri pt

results show t hat’ allidﬁg

apol i popr ot ei

4 by als@msiztuin

tocotrienols

_ NUTNI TI ONAL STATE[ err] d ucose I nsulin
@ ucagon . —Thromboxane B errﬁ Pl atel. et - ' .
/100 m /'m /100 m F o
E%/ 100 m g llm”umul UUI ?ol e)m C (P9 Swi n)e ?{%E’EACELM@@ %EET
- 10. 50 3307 41° 75793 : 24.12 1) ntral D et
(CD) [err] 1. 37[err] . [err]0. X[ r4 [err]14.08[err] 23 CCT 1995
[err]1.45[err] [err]1.75[err]
(100. 00) (100. 00) (100. 00) (100. 00) (100. o) 2)
CD- TRF RD- oi I\mbranchem afkkyls substiitited by 3 3cNHRg, COZH ~ 55
20.32 10 c( ) g [err]1.03[err] [err]1.08[err]
[err]10.45[ert] 8’2 [err]1.788 [err]1.70[ err]
(77.56) (112. 68) Rgdssgelected fupm the group conpgisypng of 3)
COerr]Tlerrlo, ¥ ,PRB-R,, C=0 atfh 4H-0 H' 21.21 285. 41 62. 54
20. 65 9 ldid 2] {3 10,89[err]
[err]13.88[err] Ry dis selefted | om 'the rouéeﬁ?Tﬁ?i f%$r?f
(77.51) T[(lQ:]31246):HOH (%6 3Band NH; (92.25) (85.28) 15 4)
- err :
19. 85 50 ppis 1S selectea tran ]“i‘%ﬂ’é‘?‘f‘i °°n515tf%?r?6 Bilerr]
[err]16. 42

and C g) ebmhhnh@hEmﬁ unbranched aikylsl; 27[err]

104. 6 ) 82 59) 5)

(' Bdth R} dnaependgitiPlrepresen 57.03
50 ppm [err]1.89[err] [err]1.79[err]

rr] [err]1.95 [err] [err] 1. 45[err] 20

101. 90) . 05) (85. ORy, (79.c¥ [err]

al contr d|et or experimen aI diets mere f d to
SW aII re asted for
ref ed for 48 da§§ The time o sa r|f| , 9: 00
sues were kept on lce. TRF = f%cotrlenol Ri ch-

[err] Data expressed as neans [err] SD;, n= 6 Qﬂnple of 3

oupp; [err] Percentages af |Increases or decreases in
asel i ne val ue. [err]Val ues not sharing a common

letter are different at P < 0.01. These
tgie t | evel s of

in B, 30 tr "It%’gerlli f}_fg el}ce(%teed ucagon atel et factor
MH4 2R rﬁi-&o/qbr ioxe|ynbranchedrhe

adikgr 1120t substantlally affect the

- Rg and Rg is each independently selected from
the group consisting of H and C;~Cg branched or
unbranched alkyls;

. Each Ry, is 1ndependently selected from the
group consisting of H, Ci-Cq branched or unbranched
alkyls, CH,0H, CO,H or OH;

H or C;-C;g branched or unbranched alkyls;

. Z is halogen, OH, CH,OH, CHy, OCH5 or COCHj;
n is an integer from 0-4; and
m is an integer from 1-30.

5. The tocotrienol or tocotrienol-like

* compound according to claxm 4, wherein Ry, R; and 2

are each 1ndependently H halogen, OH, OCH; or CH5; R
is OH, OCHz or NH;; Ry is C=0, CH, or NH; Rg is 0, S,



Ievels of apoIipoprotein a)[err] and insulin.
Exanp ext determ ned the effect of

tocot r| enoI S m‘“‘ | 31' ig choI est erol, triglyceride and gl ucose
concentratron es of hypercholesterol NP RRERENT Srer,
The sanpl es wer'e prepared as described in 40 Exanple 12. IENT f‘ET

- 82 - , -Tlea ~esults of these stjudies are
di spl ayed in Tables XVI11 - XX Percentages of incrdagesz@ 00T 1995
decreases are shown in parentheses

TABLE XVIIICH2 or NH; Rs is H or CH3, R10 and Rqqare each

independently H or CH4; n is 0 or 1; and m is 3

6. A tocotrienol having the formula 3,4-
dihydro-2~(4,8,12~trimethyltrideca-3'(E),7'(E),11"'
trienyl)-~2H-l-benzopyran-6-ol).

7. A tocotrienol having the formula:

9. The use of the tocotrienol or tocotrienol-like campound of any one of

claims 4-8, or mixtures thereof. for the preparation of a vharmacsutical

aqugieyxluseful as a hypocholesierglemig agent, an
antithrombotic agent, an antioxidizing agent, an
antiatherogenic agent, an antiinflammatory agent, or an
immunoregulatory agent.

10. The use of the tocotrienol or
tocotrienol-like compound of any one of claims 5-8 or
mixtures thereof for the preparation of a pharmaceutical composition

useful in increasing feed conversion efficiency.

_ 11. The use of the tocotrienol or
tocotrienol-like compound of any one of claims 4-8 or



5 = TOTAL CHOLESTEROL CONCENTRATI ON
(nmg/ 100gm T err]

Loin Adi pos RI TI ONAL STATE[ err ] ' Li v, _ =R V-
Lung Hear l“mul” wﬂm Muscl e Nor ol i plerAECLACHAR T 65"“
1) Contr Di et 175. 10 76.45° 60. 5 9789

92. 84 6 09 10 _ - - [err]6.22

[err]7.1¢ [err]3.49 [er] 4. 14 [err]5 51 [err] 2.{57 Ee‘{bh?"%é
Hyperchol'esterolemic  201.59 215. 49 101 74 64.51 ] 1119 62

109. 40 100. OOmixtures Sthé@feof ¢ ore £1d Lha @{1{ cal ccmoOSLtJ.on
[e11]5. 780l 1] oofil 1f Sddbitic todesty Eefenirocid

[err]4.00[err] [err]3.73[err ntro -Di et CD) (100. 00) _
(100.00) (100.00) (100.00) (100.00) (100 00) (100. 00) 3) CD+TRF
RB- 0i | ; 172. 22 8.6 91,.12 112,69 102. 25
93.03 15 177 Ofhe use of %hé f2°f§?§egﬁl orf Terr]3. 75[ err]

[err]2.28[ err]toco'@ fm]lqlﬁlzpeer?ompound PEr anY. 6decf] claims 4-B R err]

err]3.44[err 3

E89 ]56) [(91]11:1L ))(tur%s t e§eof(93 H:g)ev(exglg oxldatnﬁr@ agta)+t[(1(%§tr]jt5;fi")5o opm
149. 20 prrducts. 79 56. 68 103.48 94 53 85.15
[err]3.83[err] [err]4 27[err] [err] 3. 24[err] [err]1.91[err]
err]2.39[err err 3 [e

E74 %1) [ (8% 81)[ (%21 *ﬂ%s s%e?c %8%95§} °1a&§B943wepeglrs 20
5) CD+P- 21- T[ daepaceutic tign prepaper 4 usefylefpr the tregtvemt onop. 58
89. 85 79. 51prevention of a:,ghsﬁﬁe or condltlon selectetieﬁmtlgg [FEPYR

[err] 3. 03[errT°n51F7éW‘J]in4[err]’ lerr]2.01[err] [err]1.71[err]
[err] 2. 17[err]atl[@rq’§<3155{>%1$] hypercholesterolemia, thromboses,(67.81)
(85.80) | (74 GfotndBad Ynsut Pl Shunot83uidhotToaTbase 6)

CD+P- 25: T[ err] 8784 99.04

89.54 69.17 atherogenlcw%eﬁes, J.nflammathg,,ngvgg, edFé‘Frr]S 41ferr]

[err]5.32[err]diabetied rﬂ@lﬁﬁ:@é[ ] cancéel r 3gha[ agr hglnb'?r phin98
[err]3.55[err] .25 81 98) (66.98)

(82.79). (s81.yhsumataeid ?f%%gmi9}°nr SePtlFeFP§° cthrQBB o ZAtigNe
control di-et csyrdenmwe reemd afunceis Leesated to 5-nmonth-ol d swine for

42 days. Then all groups were fasted for 40 hr. and refed for 48 days.
Thetin?e of : sacrificing was 9:00 a.m All tissues were kept on
ice. TRF = Tocotrienol - R€h- The use of TREcHfen the Jyrepargidop|of papharmaceutic
expressed as rfeEResitden] uspful in gncreasing forc Foayprsiser ekfiiséency .

[err] Values not sharing a common superscirpt letter are different at P <
0. 01.

- 15. 'The use of TRF for the preparaption of a pha.nnaceutl
comgosxt:.m useful in decreas:.ng lipoprotein (a) concentration in the
blocd.

16. The use of TRF for the preparation of a phannaceut:.cal camposition us
ful for the treatment or -
prevention of diseases or cond:.t:.ons selected from the

group consisting of: 1mmunoregu1atory dlseases,
inflammation, fever, edema, cancer, signs of aging, -
diabetes mellitus, pain, rheumat01d lnflammatlon,
septic shock, chronic fatigue syndrome and functio
laesa.

17. A tocotrienol or tocotrienol-like
compound having the following characteristics:



Peggentages of central activityare ﬂ1ven T parent hesi s
- - TABLE
Xl X “II Il IHIILI "Mﬁl IIIIQI GLYCERI DES :
CONCENTRATI ON (ng/ 100 gm[err] ' ERAER | h
Loin Adi pose Ham NUTRI TI ONAL STATE[ err] | REPLAGEMSSL .S 1%
Intestine  Lung Heart  Miscle = 93 - Tissue _Huscl e : T
Nornol i pemi ¢ Swi ne 1) Control Diet (CD -385. 68 3904242 3 CCT 1994
163.53 130.51  207.55 394. 43 187. 50

%err% 5. 80 [err]5. 63 (a) erar} 3IBIC elytion time of[grepbeso

err]4.99 ] +SW _ne
429 36 gihan, addift! _?% g%.riutes undé‘ﬁ' pﬁi&%?ﬁé@iﬁ% ”c‘:&ncht].omsil85 e

2) Control 200 &l (S@maple,[ mlﬁa;afﬁz{Jert‘rqlumrf e(r‘ﬁ'aea%[%?}‘]mn 188y 4. 04[err]
[%1}30(2)9[65 B]mn{@[r chg[ &{ding an [B¥ddratit eéydtem of enékdn@5andr]
( ) ( s%p?:‘%panol (09900')54 1002&9) \‘}\9)0 Q@ a f.{%v(i)ora'gé of 5.190 00)

ml/min.; and ) _
(b) an ability to inhibit the synthesis
of B-hydroxy-f-methyl glutaryl coenzyme A reductase.

18. The tocotrienol or tocotrienol—liké
compound according to claim 17, wherein said HPLC
elution time is about-32, 36, 45 or 54 minutes.

19. The tocotrienol or tocotrienol—like
compound according to any one of claims 4-8, 17 or 18,
obtained from a biological source.

20. The tocotrienol or tocotriencl-like -
. compound according to claim 19, wherein the biological
source is stabilized.

J

21. The tbcotriénol or tocotrienol-like
compound according to claim 19 or 20, wherein the
.biological source is a plant source.

22. The tocotrienol or tocotrienol-like
compound according to claim 21, wherein the plant
source is selected from the group consisting of oats,
oat bran, oat bran oil, barley, barley bran, barley
bran oil, rice, rice bran and rice bran oil.

23. The tocotrienol or tocotrlenol-llke

compound according to claim 22, wherein the plant
source is rice bran or rice bran oil.



3) CD+TRF RB-0il; 409. 80 355. 93 166. 66 140 212.27
421. 42 184. 99 50 ppm [ er rl6 A48 -eiffpmmre—="1
[err]3.07[err] [err]2.49[err] [err]3.35[err] [err] 7. GEPEAGEMENT SHEET

[err]3.45[err]

[err]2.40[err]

95. 44 99. 52 96. 92 97.57 96. 63 96. 73 9 h
g) CIIérrfT[err%; 58 ppn1) g97 512 9éSl 53) ( 167.L8 (f%%5§§‘W%g
201. 65 391. 58 181. 99
[err]3.88[err] [err]2.80[err] [err]2.86[err] [err]2.B6[err]

err]2.86[err r 5 LK So-erri
%err}l 67%e } [£4 1] lyg8l eb&deribfbil dr gggﬁﬁklenk? %ng) l(98124)

(97. 22) c(cssp@a)d gegording tegangsyne of claymg3p-8, 17 or 3B,CD+p-
21-T[errlgptained byfﬁﬁEQECal3§§n€§e51s 165. 47 142. 38 194. 75 282. 82
182. 16 [err]5 10[err] [err]4.74[err]

[err] 2.26[err] [err]l 73[err] [err]1.72[err] [err] 6.86[err]

[err]1.28[err] 20 2s.

A foodstuff comprising the t688t26enolo7.24)

96. 22 98.,72 64.9

Coep- 25 fsqeott fane Tl e Gnpdlng agcotdingiho,any ppg B 1g9 1
259. 62 clains324-08, 17 or 18 or bixtyres thereof. [err]2.98[err]
[err]3.97[err] [err]2.46[err] [err]0.99[err] [err]1.68[err]

[err]7.47[err]

‘[err]l.76[err]

(89.44) (96. 57) 26905. T3y foodsaaff efeclajm 54(56ushher (98. 44)

Cor n- soy Qﬂé‘m d| et or pesl tal fed to

5-nmont h-0 SWI He'd o @ Zée.zc(l'afy %eﬁtﬂ%%%%ésfmre fasted for
40 hrs. -and refed for 48 days The tinme of sacrificng was 9: 00

a.m Al tissues weyg, kqptdfé‘té

Fracti on. Dat a eXfl’ esse asS neans err

the sanplt@SErienakpr tocotr

emdR€ OééinﬁPQEiﬁgC Bhe
19} vhikR sCHBPORRG  RREORIEBENSR

n = 4 anal ysis of

superscri pt

letter amylidderetcpdids 4480117 or 308, or mikeucest eégereof.control

activity are given in prentheses.

28. The dietary supplement according to
claim 27, further comprising TRF, tocotrienol, o-, 8-,

y- or é-tocotrienol.

29. A pharmaceutical composition comprising the

tocotrienol or tocotrienol-like compound according to any one

of claims 4 to 8, 17 or 18 or mixtures thereof and a pharma-

ceutical carrier.

»

30. A pharmaceutical composition according to

claim 29 for treating or preventing hypercholesterolemic—-related

diseases, thrombotic diseaseé, atherogenic diseases,
inflammation, immunodeficiencies, fever, edema,
diabetes mellitus, cancer, signs of aging, pain, septic
shock, chronic fatigue syndrome or functio laesa, or to
decrease lipoprotein (a) concentration in the blood or
to increase feed conversion eff1c1ency.

31.

claim 29 or 30 further comprising.TRF, Pyqr L~, B~-, ¥~ or
4 -tocotrienol. '

The pharmaceutical composition according to

NI
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TABLE XX
TOTAL GL (ng/lOOgn)[err]
Loin ﬂﬁgj‘w NUTRI TI ONAL STATE[ err] Li ver
I ntestinge arts Miscle Ti ssue Muscl e Hp &QHI%
swi ne 1) Control Diet (CD) 361 Qg _ 66.86 61| 3t FAVEMBI B GHEET
65. 79 21. 85 53. 82 [err]7.79
[err]5.81 [err] 6. 45 [err]1.91 [err]2.57 *5. 01 2‘?t256ﬂ§é
Hyper chol esterol em ¢ . o7
49.25 71.24 .  18. 3% A%rg%"?fe%malz cquRSRPL o £ %
[err] 7. 68[ er treatingeor hr¥EMenting 1nflqmnaqmomn[hmmynoregdif%erl[err]

[err]1.26[erry [ er o[ r 80 I Ea '
(100.00) (108 L(?&)ase(s 100 %’6( e, Jighetds id b0l Tbancer,

3) CD+TRF RBsdgns of agiggs paingahpgumatoi @ggaseqs geptlc 64. 48
17.04 52.10 shock, chromidFdtigue s ndrome ¢€rthnctRbelaksal eto] 2. 80[ err]

%g::}?:gg%giﬁkcéggwqiigﬁqg¥§£ﬁ [ é%ég)£¥£4tlon[f£rkge7gae55]or (97. 61)

(88.95) &&81&Ekedﬁﬁ5ﬂﬁﬁd ddhkéﬁslon éfPigiency ¢O8pBOEing TRE)
CDHerr]T[err Bn1 383. . 6%.50 63.08 . .46.81 60. 30
15. 93 5 21@ a- é- or y-tocotrxeno or a r]

[err] 2. 36[ er theded®.] 3. 38[err] [err]3.21[err] [err]1.95err] [err]l.7[err]
[err]1.77[err] [err]l.69[err] ' (94.53)

(86. 84) (94.25) (95.05) (84.64) (86. 86) (96. 80) 5)

CD+P- 21- T[err] 533. 2Theeiosdstuff gecsrdiay do Afaim 25 @5 2g5for

16. 67 1 decreasing tHePRPtal serum cholesteddd 'dm EHldHoles-
[err] 2. 80[errT err]3.55[err] [err]l 88[err] [err]1.96[err] [err]1.73[err]

terol in’a human or(gpimg)l. 86.84) (92.51) (89.69) (77.84)
(90.89) (100. 35) 5) CD+P- 25-T[err] 362.99  56.06
60.96 45 49 @ 53. 01 . L 53.0 0 ,
[err]4.31[err] [err] 4366[efrpf" gle#arp’elsﬁp?iﬁﬂeé’rtr ]accc[réfzrr]i_pt%[%}qnlm 27

[err]1.30[ er6F 28 for uker ihld2Gkeasling thed aotal Gldmwini [cholesterol and
(89.58) (77. _ 1.08 92.37) (.81, 57) (98.57) 1
Corn-soybeanﬁginﬁgégﬁﬁg?%8ﬁ dPef g&m @%' Ldiets were fed to
5-mont h-old swine for | _
35. The foodstuff according to claim 25 or 26 for
use in increasing the HDL/LDL cholesterol ratio in a human or

animal.

36. The dietary supplement according to claim 27
or 28 for use in decreasing the HDL/LDL cholesterol ratio in
a suman or animal.

37. A method to enhance the yield of
tocotrienols and tocotrienol-like compoundé from the
tocotrienbl rich fraction of a biological source,
comprising the steps of:

(a) dissolving the tocotrienol rlch
fraction from a biological source in a solvent,

(b) contacting the dissolved
tocotrienol rich fraction with an amine column, and

(c) eluting the tocotrienols with a
solverit that does not substantially elute impurities.



25 Then al'l- groups were fasted for 40 hrs. and refed for 4
days. The ti meFm'l“ %

kept on ice. Jl ”u ﬂ

rificing was 9:00 a.m All tff :
Iu%(ﬂr Fracti on. ?%Bﬁ@g%ﬂ “ s

l'

expressed as means [err]q sd n = 4-aPll ysis of the sanple grloup:
Percentages of control activity are given in parenthesea. 30 [eQﬁjUﬁHU&@b

not sharing a comon_ super scri Ietterpg;%cglfferent at <0

Ducreases in total s%$un1cﬁoP@£F890F°w€ thMﬁf%419@meeaCn of—T1e
ti ssues testesotrMsd1804a48! ’]tocotrlean'E-&thhQ:loﬁqionﬂs dywerd | ati on was

reduced by 37% | i ver, and ham nuscl e,
respecti vel§t %%91%%}aF°PFF§ry88FPEESéH% dfisc é%ﬁﬁ%ntratlons mere | ess
af f ect ed. I%@{g}%

t
We next neasured the effects ofeétffgréﬁg the bﬁ%&ﬁ%ﬁﬁ%ﬁm)s 0 rlce br an
oil on fattyitbian organic solvent, - 85 -

(b) heating the extracted source, and
(c) extracting the heated biologiCal

source.

39+ The method according to claim 38,
wherein the heating of step (b) is accomplished with
microwave heat.

40. The method according to claim 37 or 38,
wherein the biological source is a plant source.

41. The method according to claim 40,
whereln the plant source is selected from the group
gonsxstlng of oats, peanuts, pine nuts, oat bran, oat
bran-o0il, barley, barley bran, barley bran oil, rice;_

" rice bran and rice bran oil. '

42,. The method according to claim 41
wherein the plant source is rice bran or rice bran oil.

43. - The method according to claim 37
wherein the solvent of step (a) is hexane.

44. The method according to claim 37
wherein the amine column of step (b) is a Bond Elute
amine or cyano column. ' ' '

45. The method accordiné to claim 37
wherein the solvent of step (c) is a gradient system of
0.5% - 3% isopropanol in hexane. '

. 46. The use of .a stabilized biological
source for dgcreasing lipoprotein (a) concentration in



confpositions in various tissues of hyperchol esterolemc Swi ne.

The level s offatty acids, nmeasured as their esters were e rat-et
usi ng the met M\mﬁ“ ll@i‘llmES K Hral et al., "Effects op‘gﬁup@ﬂ#ﬂ
and ‘[ Phyto tty Acid conposi ti on and n
Chol esterol in Rats . Nutr. Sci. vi tam npol . 30, pp. 1 1- %i.% (—;‘}:9@%
except’ that 1 g of each tissue wasofti xed with 2 ml of sdlilne Putlon
the 10 honopgeni zed 30 sec by polytron. Follow ng honogenj z

sanpl e was extracted with 8 m of hexane by shaking for

centri f ugi nghieoblood,1(ntreasing 00=ed mmn’d:iesimxaqéfigyenc :
40[err] C anQ tehezfe%%n@& tc{zeaﬁzeébé/\?]éfbd tr§ glggqg@{, age gﬁ?t 0 Vi eI d the
enti

fatty acid este Ication of each fatty acid
ast er vvef91é-§ﬁ’é-51§ sHEeases i FIRGH ieps ﬂstllam‘é{’ﬁﬁﬂﬁPélatWYm xture of

fatty acid aa%teers%s( O itrpH 1n A # R Slﬂma.r, ec@kﬁﬁ’ﬂ c@diaketes 20

The results, (;J:lé%p a ed in Fi uresﬁl nst}%ate Eha‘g t he

‘tocotri enol ?etlé-é't CH¥ e §3PNS © cﬂt@‘n‘ihé’?b‘?alr SHRPCaLHd

concentrati disleasess septid istsork | atirshid hfatibgphe | Spra@ssngcafddcl i nes were

seen in_the hearlt (69, the loin (81% and the ham nuscle 25 (66% .
The great esERREHI& i1 %re seen in |levels of arachi donic acid. This
decrease may be due to an i ncrease in the corticosterone |levels. Such

b 252, 10U 4 e e ARSI DOERIR AR Gror il 1.

whi ch would in turn decrease t he arac
overal | fat theastabiddzad diqleaierl SOUIl'CFﬁ)oﬁ Stabibtized riceoints

towards an ppgwioregul atory rol e of these tocotrienols.



- 86 - ' Exanpl e 20
determ ned the effect of tocotrisnols on i mmune function:
for this study was 6- week old female white | eghorn ch
group of 5 12 chickens was fed an unsuppl enented chi cken dilet} or
control diet supplemented with 50 ppmof a tocotrienol
commercially ava
Lovastatin).

re preg@8ed as described in :
The chi ckens i od of 4 weeks, then t hel bl ood_was
drawn. The an ody response was deternlned by |nject|ng e chi ckens
i.p. with 0.5 m of a 5% suspensi on of sheep red blood cells (RBCs) in
PBS (v/v) which were previously.-washed three tinmes. 15 Total antibody
titers to the RBCs were determ ned using 50 [err]g of serumand the
m cr ohemaggl uti nati on techni que described in Wtlin, "Detection of
Ant i bodi es by Mcrotitrati on Techni ques", Mycopth My col. Appl., 33,
pp. 241-257 (1967). Relative 1gG levels were 20 determ ned by using
2- mer oapt oet hanol prei noubation for 30 min. The relative IgMlevels
wer e cal cul ated by subtracting the 1gG anti body | evels fromtotal
ant i body | evel s. All antibody |evels are expressed as the |og base
2 of the highest titer that was needed to 25 hemaggl uti nate an equal
vol ume of 0.5% RBC suspensi on. ABsTRAEgUl ts of this exanple are
di spl ayed bel ow in Tabl e XXI.

The present invention relates to novel

tocotrienols and tocotrienol-like compounds displaying
bioclogical -activity. The tocotrienols and tocotrienol-

5 1like compounds of this invention may bé conveniently-
obtained from biological sources or by chemical
synthesis and may be used in pharmaceutical
compositions, foodstuffs and dietary supplements. This
invention also relates to the use of tocotrienols,

L0 tocotrienol-like compounds, and mixturés thereof, as
hypocholesterolemic, antithrombotic, antioxidizing,
antiatherogenic, antiinflammatory and immunoregulatory
agents, or as agents useful to decrease lipoprotein (a)

~ concentration in the blood or to increase feed

L5 conversion efficiency.

.

- This Sheet Has Been Replaced
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Anti body titers in Serum (Log 2)

Ab titers I gG | gM 1) Control
6.30[err]2.99[err] 1.40[errl .55[err]

2) CD+ TRF-RBO 50 ppm 8.75[errﬂ .66[ err]
7.75[err]1.55[err] 3) CD +[err] 50 ppm 7. 1P[

1.00[err]0.00[err]

TABL %

—
Nutritional St aﬁgf\eG}QEMENT SHE\f‘IlT'ot

Gfoup (CD)

6.60[err] 1. 24[err]

al

.B60[err]0.54 erir]

rr]

5067 DERr 193609 4

: err|
4) CD +- [err] —

T[err] 50 ppm 6.60[err]1.51[err]
5.83[err]1.53[err] 1 5) + [err]
'8.25[err]1.96[err] %’-‘|G_ q(BpD
1.50[err] 1. 18[err]

50 ppm 10. 30+1. 16[err]
8.92[err]2.61[err]
1.00[err]0.0 isﬁﬁ] 5.42[err] 2.
6. 33+1. 44| er . 1.00[err]0.00[err]
Ger ani ol +LovNermol ipemic SWine o4[ err]

6.83[err] 1. 99)econtrol Diet E@Dppm + 53PS

was 4 weeks. .
means + SD nH?pégcﬁ5{g3t5$gléHfE”l
Swine

11) Control Diet (CD)
I11) CO & TRF RB oil;

50 ppm
IV) CD &-Tocotrienol;
50 ppm '
V) D& P-21-

Tocotrienol; 50 ppm

Vi) CD & P-25-
Tocotrienol;
50 ppm (P-25)

INTESTINE
Normolipemic Swine
1) Control Diet (CD)

Hypercholesterolemic
SWine

I1) Control Diet (CD)

CD & TRF RB oil;
50 ppm

I11)

Iv)
50 ppm

cb & P-21-

V) :
Tocotrienol; 50 ppm

CD & P-25-
Tocotrienol; 50 ppm

VD)

7.17[err] M

- T[err] 50 ppm
+ P-21-MEerr] 50MBpm
yHistrie] Palmitig)

2.43[ ergrd; e 40[ ergls
5 o + 2o LoHdil 4O erAdid

0

32.58

20.22

14.17

17.05

- 20.30

34.67

16.25

13.79

D & §-Tocotrienol;

17.88
13.36

16.84

gﬁépr]

1.28[err] 0749 err]

5.90[ e

8,87-1.78[err]
8.671err]1.92[err]
Pabmi telescT[ err]
Acid

.§-60[errig.41ferr]
16.69) Lovel?a?in 100 ppm

rr]l.68[err] 15 10)

1.00[err]0.00[err]

271.61

138.52 .

112.15

155.07

132.04

142.66

139.01

93.59

85.28

85.72

106.87

_ _ 134.461 1]
Time of drawi ng the bl ood was 0800 hr.

Feellity peri od

Dat expressed as

20.39

17.83

5.79

6.36

12.12

0.79



[err] | ues not sharing a common superscript letter are different at P <

0. 01. 20 Every tocotrienol, nost not ably‘ FﬁEP'LM)EMENT SHEET

i ncreasg¢d the total ant|bodyt|ter andtheIthlter as conparet—to
the con{rol. Slight increases were &/%d observed in tpe G I %\z!e,iqsg
Exampl e' 21 25 We determ ned the effect of}a k%o@ng 6
tocotrienol, [err]-T[err] on the rel ease of superoxide in hunman

peri pheral blood neutrophils. Neutrophils are an extragel lul ar source

of oxygen free rad| cals. Once activated, these neutrop.ﬁLL.&za.n-at—t-ae-h—,——-—
t o endot hel i al Sll:'tlé _{\ﬁre t hey Mgal ease a mp.t ent toME4H, SupME-oXxide.

Super oxi de anpl i f I e mmat se

circulation of the bl ood. #H%:t%i%% %‘ﬂg b%t ro gg?és &ehgg%%d

were isolated by density centri fﬁghﬁll on on Fl‘é’ol | - Hgd8ue g ents
- 88 - usi ng conventional nethod$6{tee E. 38:Bi nova18t' al ., 18:2 "Free
Radi cal RedyI¥ERhg and I ntranenbrane Mbility in t he Anti oxi dant

Properties Nrﬁlﬁ%ﬁﬁ@%ﬂin@nd a- ‘
I) Control Diet (CD) 0.49  183.54 3.49 185.89

Hypercholesterolemtc
Swine - .
I1) Control Diet (CD) 17.87 94.45 189.89 5.12
111) CD & TRF RB oil; :
50 ppm --- 140,69 150.07  ---

IV) CD &-Tocotrienol; : _
50 ppm | 17.21  141.89  157.99  1.94

V) ¢©D & P-21-
Tocotrienol; 50 ppm 19.59  183.63  198.40 ---

Vi) CD & P-25-
Tocotrienol; _
50 ppm (P-25) 18.59  116.89  161.05  ---

INTESTI HE
Normolipemic Swine ' :
I} Control Diet (CD) 14.62 177.46 141.49  ---

'Hypercholesterolemlc
Swine :
I1) Control Diet (CD) 12.03  150.68. 194_.12. 2.74

111) CD & TRF RB oil;

50 ppm . 3.99 127.93  156.46  ---
.IV.) e & §-Tocotrienol;

50 ppm 13.41  124.04 72.37 ---
V) CD & P-21-

Tocotrienol; 50 ppm  19.97- 107.39  151.61 2.29

vI) & pP-25- | _
Tocotrlenol 50 ppm  17.89  115.53 71.65. 0.73




Tocotrignol ", Free Rad. Bio. and Med., 10, pp. 263-75 5 (1991REPLAUF®IENT SHEET
neutrop‘i‘lls were then placed in a 96- wel |l plate. [err]-T{[ gt+f—ard

phor bol inyrstate acetate were ad to the wells at the gare fi T
secretion of super oxi de ani on vvag?/rjlrgasur ed as the superoji de %BHBCT 1885

di snut ase-i nhi bitabl e reduction of ferricytochrome C. 10 The
results of this study are displayed in Fi gure 5. The

anount of superoxi de rel eased was reduced from 19.7 nnol e *
10[err] cells/hour) in the control to 8. 0 and O nnole at [err]-T[err]
concentrations of 10[ anﬁ 5 10[err], ﬁespectiveg%. : Wi | e
we have described a n . 0 é embodi n¥RTs of thi i'nvgntioﬁ,otﬁl i s

apparent that our basi ¢ constructi bipokenieec Arackidanie pr fakty ot her
enbodi nents which utilize the processes egidroduct sAefd 20 t hi pdjgsent i on.
Therefore, it will be appreciated that 1843he scopeg@igthis invention is
to be defined e appended cl ai ns, rather than 'by the specific
enbodi nment s V\/rhmave beeg“present ed by way of exanpl e.

- 89- N ipemic SWine ¢ A s 1. The use of a
tocotrienol orl} @osttricdnbliet (CD) 0.68 0.4 543.36

Hypercholesterolemic
Swine
11) Control Diet (CD) 1.06 10.9 . 634.06
I11).CD & TRF RB oil; :

50 ppm I - 3.2 470.53
IV) CD &-Tocotrienol; .

50 ppm : 1.94 1.50 454 .58
V) CD & P-21-

Tocotrienol; 50 ppm 5.08 - 1.02 603.25
Vi) CD & P-25-

Tocotrienol; :

50 ppm (P-25) 2.08 . 1.08 482.15
INTESTINE
Normol ipemic Swine _ '
1) Control Diet (CD) 2.86 cwe 513.76
Hypercholesterolemic
Swine :
I11) Control Diet (CD) eea . 1.28 . 516.90
111) CD & TRF RB oil;

50 ppm 1.02  396.78
Iv) cD & &-Tocotrienol; ‘

50 ppm --- 0.96 313.94
v) CD & pP-21-

Tocotrienol; 50 ppm .-  0.78 372.12

vi) CD & P-25- :
Tocotrienol; 50 ppm S 0.77 . 330.28



| i ke conpound for the preparation of a pharmaceuti cal
useful in increasing feed conversion efficiency.
The use of a tocotrienol or tocotriegpis | i ke compg
preparation of a pharmaceuti cal conposition usefu

| i poprotein (a) concentration jn the bl ood.

use of a tocotrienol or tocotrienol- |ike conpound for the prn
pharmaceutical conposition useful in the treatnment or prevent

e

ur
f

@t
Uol

REPLACEMENS SHEET

d Tor the

ar At ~n ~f
L)

g3 oot g%

.
AT T UTT O A

ion of a

di sease or condition selected fromthe group consi.sfing of i

MUNor eguiatrory

di seases, ianannaHFg' fe;gzg edern, dfSetes nelM5tus, pai ME< heumat oid
di seases, at herogenilc gase , septiMyehstic cRabmiticatRaimd toledconre and
functio | aesa. 4 A tocotagpdol or Aegdtrienol gbj4e

conpound. having the fornula: [err] 14:0 and ggkgs, oxidggl n products
and hydrolyﬁbgngroducts t her eof wherein: ° F$err] an éferr] S
each indepe |y selected fromthe group consisting of H, £ hal ogen, OH,

ocH err] andNamelipegyier SWimeéanched or unbranched al kyl s;

I) Control Diet (CD) 15.12 87.75
Hypercholesterolemic
Swine . :
II) Control Diet (CD) -== 122.15
111) CD & TRF RB oil; |

50 ppm 21.49 115.94
IV) CD &-Tocotrienol;

50 ppm ' --a 75.46
V) CD & P-21-

Tocotrienol; 50 ppm  --- 68.19
VIiL CD &-Didesmethyl-

Tocotrienol; .

- 50 ppm (P-25) --- 76.89

HEART
Normolipemic Swine
1) Control Diet (CD) --- 42.63
Hypercholesterolemic
Swine
11) Control Diet (CD) 4.86 27.52
II1) CD & TRF RB oil;

50 ppm --- 44.65
IV) CD &-Tocotrienol:

50 ppm --- 42.23
v) CD & P-21-

Tocotrienol; 50 ppm =~ --- .19
vl) CD & P-25-

Tocotrienol 50 ppm = --- 3.44




Rlerr] jis selected fromthe group consisting of OH NHRerr], CJerr]Y,
C(Rerrf])2CJerr]H, and Cerr]-Cerr] branched or AEME
- 90 - - unbranched al kyls substituted by OH NHR[err], CJ MPMW!\”ENT SHE-ET
C(Rerr])[err]CJerr]H, R4§/§3sel ected fromthe gtoup conswhgg
of O NH, CHRerr], C=0 and CH OH; Rlerr] is sel éctjed? Gr@&i 18
group consisting of CHerr], CHOH, O S and NH Rllenr] is

sel ected fromthe group consi st i ng of Hand (err]-Cerr] brjarcted or

unbranched al kyl's; Each R[err] gdependentkg represg@is [err]
wher ei n R[err] S selﬁﬁ ﬁ t he group’ . tonsjistin f H N rr] and
Clerr]-derr] branche Wn hed BR W§elmc Stearic Oleac
Acid Acid Acid
16:1 18:0 18:1
LUNG .
Normolipemic Swine
1) Control Diet (CD) 12.02 137.93 64.69
Hypercholesterolemic
SWine

-- 158.81 128.29

II) Control Diet (CD)

II1) CO & TRF RB oil;

50 ppm. : 9.68 118.94  54.61
IV) €D &-Tocotrienol;

50 ppm --- 160.12  58.71
V) €D & P-21-

Tocotrienol; 50 ppm =~~~ 133.06  50.76
VI) CD & Didesmethyl-

Tocotrienol;

58 gﬁm (P-25) - --- 46.86  80.19
HEART

. Normolipemic SWwine '

1) Control Diet (CD) -—- 69.35 59.35
Hypercholesterolemic
Swine

11) Control Diet (CD) 11.87 49.18  47.43

I11) CO & TRF RB oil;

50 ppm --- 99.32 ‘53.42
Iv) CD &-Tocotrienol; : . i

50 ppm _ --- 84.30 64.16
V) CD & P-21- _

Tocotrienol; 50 ppm - 6.13 21.56 18.53

vi) CD & P-25- -
- Tocotrienol 50 ppm  4.73 12.38 12.92



R[erf] and Rlerr]

of* Hand C[err]-Cerr] branched or unbrang

i s i ndependently
branched or unbra
Cerr]-Cerr] br
CHerr]OH CHerr],
0-4; and

tocotri enol
R err] ach i ndepe tly H, %alogen

0

Ris ) [err] or NHPeiLLBlgggrihg

Rerr],

CHerr];
is O S,

is Hor
is O or

trienyl)

3, 4- dlﬁgﬁgo 2-(4,8,12-trinmethyltrideca-3' (E),
f or mul a:NO

'ﬁﬁ@?ﬁ%ﬁ EAgmhﬁﬂ?

CH err]; Rlerr] ard Rlerr] aAeidach

1; and mis 3-10

tipeRfeP¥NfRec- )

1) Control Diet (CD)

Hypercholesterolemic
Swine
I1) Control Diet (CD)

I11) CO & TRF RB oil;
50 ppm

IV) €D &-Tocotrienol;
50 ppm

V) €D & P-21-
Tocotrienol; 50 ppm

VI) €D & Didesmethyl-
Tocotrienol;
50 ppm (P-25)

HEART
Normolipemic Swine
1) Control Diet (CD)

Hypercholesterolemic
SWine
11) Control Diet (CD)

I11) CD & TRF RB 01l

50 ppm

V) ©D &-TocotriEnol;
50 ppm

V) €D & P-21-

Tocotrienol; 50 ppm

frefrec—or—umbt anult,d al ky|
OCH err] or COCHerr];
mis an integer from 1-30.
or tocotriengl-like compound according to claim 4

OCH[err ¢
o; NH g{%rr]

|Amm¢endentlﬁcmdor CH[amnhs n

en:cc}@g$

I s each |ndependentlyAyaﬂﬁﬁfmthUﬁTTﬁ”'—ro

Egﬁ‘ ﬁé’]&e@n eplaced ’
group liHm derf]
ApCa ﬁ ‘“““1 is ha

‘nis an i

5.

up_caonsi.st
@emﬁl\s@—ﬁ?ﬁmm
eerr—

]

ober? f‘@ﬁ 1996
Nt eger. from. e
The

1862 A torgizienol hagi:Rg

3.32 .-

3.39 3.32

7-(E), 11
7. A-tocotrienol

\"‘Ir\rn

the formul a

havi ng t he
317.51

409.25
321.36
297.61

251.99

~ 310.65

171.33

140.86
197.39
190.69

- 50.41



[err] 8. The tocotrienol having the fornu e+

9. The use of the tocotrienol or tocotrienol-like conpound of dﬁﬁ%éﬁéMéNT SHEET
claims 4-8, or mixtures thereof. for the preparation of a pha}lngceutrTcal
conposition useful as a . hypochol estengi®m c agent, an antifhfo i(Cr ann
agent, an antioxidizing agent, an an?i.at her ogeni ¢ agent, an %td[ﬂ 9%
antiinflammtory agent, or an | mmunor egul at ory agent. 1.0-
The use of the tocotrienol or tocotrienol -1ike cofmpound of pny one of

clainms 5-8 or m xtures thereof for the-preparation of a pharmaceutita
conposition useful in_increasing feed co rsion ?J |ciency.

11. The use of the toc r t ocotrieno) -1 | ound ¥ “any one of
Sl ainms 4-8 or GFI(;U"ﬂalA h ristic ltl Palmitoleac

Acid Acid Acid
14:0 16:0 1621
LOIN MUSCLE
Normol ipemic Swine
I) Control Diet (CD) 23.51 125.97 ---
Hypercholesterolemic
Swine '
I11) Control Diet (CD) 3.31 21.86 D eea
111) CD & TRF RB 01l- _
- 50 ppm _ abeds 19.33 -—--
IV) CD & &§-Tocotrienol;
50 ppm : 0.62  11.48 © e
V) D & P-21- .
Tocotrienol; 50 ppm - 6.07 ---
VI) €D & P-25-
Tocotrienol; T :
50 ppm 3.08.  8.49 .-
ADIPOSE TISSUE
Normol ipemic Swine
N 1) Control Diet (CD) 11.13  196.40 .-
Hypercholesterolemic
Swine i
"1I) Control Diet (CD) 45,07 283.62 -
I11) CD & TRF RB OIl
50 ppm --~  152.85 -
1Iv) CD & é-Tocotrienol; :
50 ppm ' --- 9.26 ---
V) D & P-21- |
Tocotrienol; 50 ppm

--- . 75.06 cee

VI) CD & P-25 Tocotrienol; .
50 ppm 14.34  58.45



r-n]

tonposi §ion useful in decreasing |lipoprotein (a) concentrati
bl ood. 12. The use of the tocotrienol or tocotr
conpound of any one of clains 4-8 8f13ri xtures thereof to pre
degradati on of food products. . 13. The use accor
9, wherein the pharnmaceutical conposition prepared iis usefu
treatment or prevention of a disease or condition selected f

- 92 - ,nixtures thereof for the preparation of a pharmaceut

orREPhA(‘ EMENS SHEET
| eTOT=TTKE
vV ejnt t

dingzg§b%? ﬂ#@
f
Fom the group

consisting of: atherosclerosis, hyperchol esterol em a, thronb
endot helial injury, inmmunoregul atory di seases, atherogenic d

TS,
| seases,

i nfl ammation, fever, ?ﬂxg $Qet es mel MEtus, canMBr, sigME-of aging,
fo

pai n, rheumatoid infl

epti pelmveElaichr stearit i @leagyndronme and

functio | aesa. 14. The use QfidlRF foradiif pPregayption of a

phar maceuti on conposition useful in incr |ng fe nver

15. The use o t he preparaption of a pharnaceutll C
useful in decrngfﬁy§€{ oproteln (a) concentration in the

n efficiency.
‘onposi tion

Normolipemic Swin
1) Control Diet (CD) 5.28 359.83 185.80
Hypercholesterolemic
Swine v )
I1) Control Diet (CD) --- 83.61 58.72
III) CD & TRF RB oil; .
>0 ppm : --- 72.08 18.13
~1V) CD & &-Tocotrienol; .
" 50 ppm ' —.— 48.67 15.90
V) D & P-21- o
Tocotrienol; 50 ppm --- 38.58 11.41
V1) CD & P-25-
Tocotrienol; ) _
50 ppm 1.37 - 12.39 5.87

ADIPOSE TISSUE
Normolipemic Swine

N 1)y Control Diet (CD) --- 322.76 319.23
Hypercholesterolemic
Swine -
I1) Control Diet (CD) 21.87 160.42 209.76

111) €D & TRF RB oil;

50 ppm 7.21  192.17  231.54

IV) CD & é-Tocotrienol;.

50 ppm 9.95  231.54 184.89

V) Cb & P-21-
Tocotrienol; .50 ppm

8.22  146.77  16.80

VI) CD & P-25 Tocotrienol;

50 ppm 7.23 133.40 15.00



blobg. 16. The use of TRF for the preparation of a pharnacerLLcaL —

conposition us ful for the treatment or prevention of di seas¢sRBPLACEMENT SHEET
conditions selected fromthe group consisting of: inmunoreguljatrory
di seases, inflammtion, fever, edg cancer, signs of aging,)} di 0
mel litus, pain, rheumatoid inflanngﬁ?on, septic shock, chronilc fg??%ggT‘w 6

syndronme and functio | aesa. 17. A tocotrienol or
tocotrienol -1i ke conpound having the followi ng characteristids: _
- 93- (a) an HPLC elution tinme of greate thar—about—22

m nutes under the followi ng conditions: 20 [err]l sanple, [err]-Porasi
colum (Waters colum, 10[err], 4 mmx 30 c using an isocratic system of
hexane and i spl@aal 99. 75% 0.M&% v/v) ME-a flow r¥Ee of 1.3 Tatekin.;

and Y>an abi | itiynoleaenhl bnoleriie swrebhidoniaf . Fatty
[err]-hydroxy-[err]-nethyl glutanpgidcoenzygeid reduct axdd Acids 18.
The tocotrienol or tocotrienol-Iiqge2  18:3 20:4

LOIN MUSCLE
Normol ipemic Swine

1) Control Diet (CD) o om=- -=- --- 700.39
Hypercholesterolemic .
Swine |
I1) Control Diet (CD) ca- - =e- --- 167.50
‘I11) CD & TRF RB oil; :

50 ppm e-- .-~ --- 109.54
IV) ©D & &§-Tocotrienol; . :

50 ppm -=- --- S e 76.67
V) D & P-21-

Tocotrienol; 50 ppm === -=- - 56.06
Vi) .CD & P-25-

Tocotrienol; , T

50 ppm --- --- --- 31.20
ADIPOSE TISSUE
Normolipemic Swine _ _
I) Control Diet (CD) .= --- 3.4 852.94
Hypercholesterolemic
Swine ' .
I1) Control Diet (CD) --- .- . 7.8 728.54
IIT) CD & TRF RB oil; - _ '

50 ppm --- --- 2.2 585.98
IV) CD & é-Tocotrienol; |

50 ppm --- .- 2.0 355.91
V) CD & P-21-

Tocotrienol; 50 ppm _
- woe= : 2.0 248-85

Vi) CD & P-25 Tocotrienol;
50 ppm- - --- --- 1.9 230.35



conpound according to claim17, wherein said HPLC elution tine i s about 32,

36, 45 or 54 m nutes. 19. The tocotrienol or toco

conpound according to any one of clalns 4-8, 17 or 18, obtai n¢dREPIGGEMENT SHEET
bi ol ogi cal source. 20.1%Hd tocotrienol or tocotrigngr=tTRe"
conpound according to claim19, wherein the biological sourceji$ 0CT. 1995
stabilized. 21. The tocotrienol or tocotrienol-Ii ngound
according to claim19 or 20, wherein the biological-source isja n'ﬂnf

sour ce. 22. The tocotrienol or tocotrienol-like c npound
according to claim 21, wherein the plant source is selected f
consisting of oats, oat bran, oat bran oil, barley, barley bran, barley
bran oil, rice, rice bran and rice bran oil. 23. The
tocotrienol or tocotrienol-Ilike conpound according to claim 22, wherein the
pl ant source is rice bran or rice bran oil.

ME- ME- ME-
FIG. 4 A Myristic Palmitic Palmitoleac
: : ' Acid Acid Acid
14:0 - 16:0 16:1
HAM MUSCLE
Normol ipemic Swine .
1) Control Diet (CD) _ --- 141.38 ---
Hypercholesterolemic
Swine_ _
11) Control Diet (CD) o 3.41 - 26.15 ---

I11) CD & TRF RB oil; - .
50 ppm Caee 38.92

IV) CD & &-Tocotrienol; E
~  50-ppm 10.62 45.04 ---

V) CD & P-21- .
Tocotrienol; 50 ppm _
5.35 25.21 ---

'VI) Ch & P-25 Tocotrlenol :
50 ppm --- 7.91 ---



-94 - _ 24. The tocotrienol or tocotrienol-like conpound
according to any one of clains 4-8, 17 or 18, obtained by chem cal

synt hesi s. 25. A foodstuff conprising the tocotri CaAE HEET
tocotrienol -1i ke conpound accordi ng tg1any one of clains 4-8, %%bbé)d‘i‘ﬂﬂr-\[r SHEET
m xtures thereof. 26. The foodstuff of claimb54, ifurther
conprising TRF, Plerr], [err]-, [err]-, [err]- or [err]-tocotyi nQI30CT1996
27. A dietary supplenent conprising the tocotrienol- or tocotrjehol-1like
conpound according to any one of clainms 4-8, 17 or 18, or m xjures Thereof.
28. The dietary supplenment according to claim27, further conprising TRE

s

tocotrienol,[err]-, [err]-, [err]- or [err]-tocotrienol. 29. A
phar maceuti cal conposition conprising the tocotrienol or tocotrienol-Iike
conmpound according to any one of clainms 4 to 8, 17 or 18 or m xtures

t hereof and a pharma- ceutical carrier. 30. A pharnmaceutica
conposition according to claim?29 for treating or preventing

hyper chol esterol em c-rel ated di seases, thronbotic di seases, atherogenic

di seases, inflammtion, immunodeficiencies, fever, edema, diabetes

mel litus, cancer, signs of "aging, pain, septic

. ME- ME- ME-
FIG 4B Palmitelaic Stearic Oleac

Acid Acid  Acid
16:1 18:0 18:1
HAM MUSCLE
Normolipemic Swine : .
1) Control Diet (CD) === -~- - 59.94
" Hypercholesterolemic
Swine : -
I1) Control Diet (CD) . - 1499 21.59
‘I11) CD & TRF RB oil; - _
50 ppm : _ c=- - 80.04 .--
Iv) CD & G-Técotrienol}
50 ppm - - 130.08 ---

V) €D & P-21-
Tocotrienol; 50 ppm

VI). CD & P-25 Tocotrienol; '
50 ppm """ 60.04 —--



shock, chronic fatigue syndrome or functio | aesa, or to decr
|i poprotein (a) concentration in the blood or to increase fe

ef ficiency. 31. The pharmaceutical conposition ac
claim?29 or 30 further conprising TRFV'%[err], [err]-, [err]/
-tocotrienol. - 95 -

phar maceuti cal conposition for treating or pfeventing i nfl am
i munore |atory diseases, fever, edemm, diabetes nellitus,

 RERLAGEHEND EHEET
Cofdimg—To """
| 2 8lagPig

115} inn, R

Cancer, signs

of aging, pain, rheumatoi d di seases, septic shock, chronic fattTgue-symndrore

or functio |aesa, to decrease |lipoprotein (a) concentration i

n the bl ood or

- to increase feed conversion efficiency conprising TRF, Plerr], [err]-,

[err]-, [err]- or y-tocotrienol or a conbination thereof.
The foodstuff according to claim?25 or 26 for use in decreasi
serum chol esterol and LDL-choles- terol in a human or animal .

33.
ng the total

34. The dietary supplenent according to claim?27 or 28 for use in
decreasing the total serum chol esterol and LDL-chol esterol in a human or

ani mal .

FIG4C ME- ME- ME-

Linoleac Linolenic Arachidon
Acid Acid . Acid
18:2 - 18:3 ' 20:4
HAM MUSCLE '
Normol ipemic Swine
1) Control Diet (CD) . cee cem
Hypercholesterolemic
Swine
I1) Control Diet (CD) --- --- -
111) CD & TRF RB oit; _ _ _
‘50 "ppm _ --- “ee _—-
IV) CD & &§-Tocotrienol; :
50 ppm | -

V) €D & P-21-
Tocotrienol; 50 ppm .

VI) CD & P-25 Tocotrienol;
50 ppm ——— --- .-

Total
ic Fatty
Acids

201.32

199.06
118.96 -

. 158.74

30.56

67.75




35. The foodstuff according to claim25 or 26 for use in i
:HDL/ LDL chol esterol ratio in a human or ani mal. -
suppl enent accordi-ag-ta claim?27 or 28 for use in decreasin
chol est erol rat ijoTHIS SHESIRE prEMi 37. A
the yield of toqotrieRbBPisaAG@nd t oc trleH)I-Ilke conmpounds fr
tocotrienol rich fraction of & brological source, conprisin
(a) dissolving the tocotrienol rich fraction froma biolo al
sol vent , (b) contr th iassol ved t"Ut'D%ﬂ
fraction wwth an am ne columm, a |Gg A

tocotrienodg) with a solvent that does not subst antl(gl) |y elhﬁgi r£ N?Q

P TR SHEET |

t he HDL/__LDL
t ’IO@ T &N Mce
mthe
the"sSteps of:
source.in-a
I rich

- 96 - 38. A nmet hod to enhance the yi el*¢of1Q crﬁM| enol s and
tocotrienol -1ijke conpounds from a biol ogi cal source, cogprigf Mhe steps
of : (a) extracting the biol ogical source i ,0rgani c
sol vent = _| (b) heating the extracted sourt®T 8
£ 30
a
5
« 20 -
o
3
3 10
£
c
3
0 '
-10 T T T .f T T I 1
0 10 20 30 40. 50 60 90 120,
TIME(MINUTES) ' '
| | | —+— HBSS |
40 - "FIG. 5B ~&- HBSS + EtOH
o —¢ 10E=5M
. —+— 10E-6M
L oan | —e— 10E-7M
{ S0 Sheet Has Been Replaced :
- ||II\|\H|I|\\\\\lll\\“\
=
5
20 4
X
Q
(@]
(¢]
3 10
& .
c
3
0
-10 - . 1 ! T . . . .




1w W §

(c) bxtracting t he heat ed bi ol ogi cal source. 39. The nethod
according to claim 38, wherein the heating of step (b) is gcconplished

with mcrowave heat. ) : 40. The method according td REPEﬂGéWﬁw?'SHEET
38, wherein the biological source is a plant source. .

met hod according to.claim 40, wherein the plant source is selecL ﬁ‘ th7
the group consisting of oats, peanuts, pine nuts, oat bran,

barl ey, barley bran, barley br an oil, rice, Blce bran and rijc

42. The net hod accordlng to claim 41 mheré

bran or rice bran oil. 43. The nethod accordi ng +£h€LatnhQ7
wherein the sol vent of stepggapp %égﬁﬁﬁﬁ% ON OF THE D ge nmet ho
according to claim37 mhereln a Bond El ute
am ne or cyano col um. res f54 dzﬁgcﬁeiﬂgde§§%3Eg'@% H&éggyéﬂé}7
wherein the sol vent of ste f% radi ent iys m ot Aa- 0
i sopr opanol in enols om rlce bran oil on fatty aci
concentratlons in various tissues of hyper-
5 cholesterolemic swine. :
Figure 5 depicts the effects of GT301 (y=Tj)
' on superoxide production in human perlpheral blood .
neutrophils. )
10 - In order that the invention herein described

bran oil

I'n thé plant sodrce is rice.

may be more fully understood, the following detailed

description is. set forth. In the description, the

following terms are employed: .
Biological source -.Any natural or

15 recombinant plant source, natural or transgenic animal
_source, microbial source (e. ges bacteria), fungi, '
yeast, algae, higher plant source, or derivative -
thereof, which contains one or more tocopherol,
tocotrienol or tocotrienol-like compounds.

20 - Stabilization - A process effective to
increase the recoverable amounts of tocopherols,
tocotrienols and tocotrienol-like compounds in a
biological source by one or a combination of:

(1) inactivating enzymes which are capable of degrading

25 tocotrienols and tocotrienol-like compounds in that
biological eource,'(Z) breaking bonds or otherwise
interfering with the interactions -- such as hydrogen
bonds, covalent bonds, ionic bonds, Van der Waals
forces, London forces and hydrophobic or hydrophilic

30. interactions which bind the desired products to
proteins, sugars, lipids, carbohydrates, qucoprotelns,
other biological molecules (i.e., amino acids or
nucleotides) or other membrane components, or
combinations thereof, in the biological source -- which



46. The use of a stabilized biological source for decreasingllipoprotein

(a) concentration in - 97 - t helb . —
i ncreasi ng feed conversion efficiency or in the treatnent or )régéﬁthMfNJfSHEET
one or nore of the follow ng diseases or conditions: inmunoreguljatory

di seases, inflammation, fever, &ddfe” di abetes nellitus, cancpr) di 4nEARTIg97
aging, pain, rheumatoi d di seases, septic shock, chronic fatigpe syndr ome
and functio | aesa. 47. The use according to clai m@6, wherern
the stabilized biological source is stabilized rice bran. _J

salts, oxidation products and hydrolysis products there-
of, wherein R1—R10 2, n and m are as defined as aboye.

As herein described above, the compounds of formula I

do not include desmethyl-tocotrienol (3,4-dihydro-2-me-
thyl-z—(4,8,12-trimethyltrideca-3'(E),7‘(E),11'—trienyl)-
2H-1-benzopyran-6-0l) . The gompounds of formula I also
exclude o, B-, ¥~ and C’-t.ocotrienol.

‘Typical hydrolysis products of the compounds -
of formula I which are also envisioned by this
invention include, but are not limited to, compounds of
formula II:

R, Re

Ry R;"(CHz)n-‘—'(Rﬂm
OH
R3 RsH
Z

wherein R1-R1o,'z, n and m are as defiﬁed as above.
Preferred compounds are the compounds of formula I,
wherein Ry, Ry and Z are each independently H, halogen,
OH, OCH; or CHy; R is OH, OCH3 or NHy; R, is c=0, CH, or
NH; Rg is 0, s, CH, or NH;:RG is H or CH3; Ryg and

R, 2re each independently H or CHg; n is 0 or 1; and m
is 3-10. . )
' The most preferred compounds are the
compounds of formula I, wherein R;, Ry, 2, Rg and Rg are
each hydrogen, R, is OH, Ry is CHy, Rg is CH, or O, R4
is H or CH3, Ryg is H or CH3, n is 1 and m is 3.

The novel compound, 3,4-dihydro-2-(4,8,12-
trimehtyltrideca-3'(E),7'(E),11' trienyl)-2H-1-
benzopyran-6-ol ("P,g"), 'is representative of the class
of compounds according to formula I. The structure of
this compound is shown below:
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TOCOTRIENOLS AND TOCOTRIENOL-LIKE COMPOUNDS AND
METHODS FOR THEIR USE

ABSTRACT

The present invention relates to novel
tocotrienols and tocotrienol-like compounds displaying
blologleal.act1V1ty. The tocotrienols and tocotrienol-
like compounds of this invention may be convenlently
- obtained from biological sources or by chemical
synthesis and may be used in pharmaceutical
compositions, foodstuffs and dietary supplements. This
invention also relates to the use of tocotrienols,
tocotrienol-like compounds, and'mixtgrés thereof, as
hypocholesterclemic, antithrombotic, antioxidizing,
antiathercgenic, antiinflammatory and immunoregulatory
agents, or as agents useful to decrease lipoprotein (a)
concentration in the blood or to increase feed
conversion efficiency.

FIGURE 5A
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